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<UJj IA 


o-i' 4+ZJJSi- 'i?J» J (jillo*; i^ty **>&* 

(S fjl*AS g d ^eiei Ji aS 

Oi' fbT t$lS| ^Ju» *u j b ^)_j * *^*-A »x»Li _j 

C^u?l JA .^^03 Ij jkj^4 >aJl^j ^-«a* ta 

(.A^ IaI • ji A$ (jlij 1 

oAi uzii>t^ 

^ALa* d?!^ i (jjto^L* <iUL*-» j^> aS c*A (jr^U^* jL~> oLJlw 

^jLL.j td^p-_5 v - ,, M,A-^ f^r* 

O^AVI^i^- l>^l> duo^olsti*^!^ 3^» ( y» 

wliU-*^!^ a>-^51 ^xc- ^ oL> 

<, i tA oIiSaj ^cok^a oLcO'LLI 

iAjIojo ^ l^cAJl^^yAAS^yL-S o^La .t A jJl^S^j o1 

(^adC- J^jJ i ^ ^yi €A^Jb (_jl aS | Jb Lm j AtX*j iS Ouil^y* 

• C —>\ iI$j| uUlooy>-j> tUjAA» 

I ^M/j\s (S^-o^>- A^Jj\ jl Al^JiS JLmkA-L>-Ij AiliLwLl-ft 


1 



a 5CL IgS | <_]**>! o_^*j o-o ji ^bo »3 

C^A^^Aa Ji ( ^1S_5 aS fjb ^Ll?-A* (_jb- t j—»1 J> f,>^ ^JU-t 

®b Ji Aia-^a 

a*U. ‘f^,y* 

Ai <Ajlo_> O-'-'O ^7~* 0““*\ Jb» «A-c^ Ajb>c*_w^>- 

A>-^5l_^ ‘ C-*-*^l o«XS> AJLw^i <jA^Jb(_£l^i3) aS^>^ 1^- ^Jjb*0 ^-^>» > C?A^>^J 
AS^jL^-^jlsA» iJilij AZ3^^j fUul^^-A» w>L*£jbjl^A 

^)l* n )l^A}fr L ^1 ^1 iS ^j^b»*! * * - ocVaLj jJ-oJ'Ai <Aj l> 

aS La C?l^> KjP (LamiI L^^iiO jjijli („^l^Id^MuJ 

<yj 0 J 3 b o^aa! Jl—©5 (^UoiU 0^l3 ^ t^Aiilijl 

<(^*2>t> b-ibo^l ^*isjo (^)lS<A**»>^> aS cAw_)^a ^JajAa «A^jLa 

«.JUoA (^Aibbj ob>j,i <Ouib»^ °>j&. <-£^" «“■*> (_£ovAC'Aj aSCJu! Jb^-Ai 
l^i 1 JfL* oy^Clj» jl b e«A«ol^>- aS t£iA^-lj ««A-LiS^^A J?1 J\ 

u 3 t >cla lj i£o«A_ol^>-j.> ^lbl» ob y*** LULa IjL^b ‘ <aJ_?L*j^o 

015*Aj_**> y i_3 l ^>b b“. . w l Aj^S^J^ AI*J| . iAO^5 

. iAj^^a 'jjvj OJ^AjIj Ju^^oi lLLwJ^i^a A^> c£obx*d\ t_£l^> 

^AJoaAj aS I fj^y»^- jJjC**^ a^-^-L>- Jbi5»l 0_^>- JL> 
0^^*.Sa»^> rJL-A 0^ ^ ^^c*-jLr «aIj Lo-o b os.> C)^* ^bezil 


• ■ i > j -* j r 

^>\ ,^5*-b» lil^Tj^ (jbjA» »^Oti 5 J y* (J'* b'J tS^-oSf-^j 

i^lAX^i^j_J AXa 5 A^jLL>- . .ijb^^J^-wAi 0 *-oJ*»I J^J0b,A 

0b»^ obs-^Lb*?! J5 (SjJ^j —<*l ^ «jlj 0^>J 4 —S ^JlOIjU» AibaJl^" 

^jI^1U-a| . O-wl Aljiejlj J O^jL» jLu.J (S'jt+i 

c^bjl>- J OJLj I ^S J (jl<AJ L o-£ob aS *A-«>^> <SJ2J 

JujLa Us jjjijo ^ILtol C<tJL»l5 (Sj^^y <^-bo 0L>JAiJ <AJL£.jiiAJLc3 
J t-^U-A bju C)5J3 1 

\ ^1a«) ^yliJ 0b» «obit^bA^Li jA» (J— 

jl j9 (^IftAlub (^4>jjl) Lib^l^ b (jb 


r 



4«tAa« 


1 \ ^1 C+~>\ ^yJaS 4^j 1 JU-y*^ 

^Jk-ut Ol3 Cw^bj.^ J^jy c~»*±- j>j^- 
d^Lwl l^J | Aj aS ^ilily* <^-^?" ^^>1 ^-l£a 1L*»^ tAi_^S>J1^5 

\_ftJjj» ( oiA-w AzJsjl c£otftJLu<l L^l j* . iA-wU^^* «A»i 

t C*"l U^l^>- yU-i £*3k* s j ja <JjL«*j» }$ aS 0I Ou-o-ijli 

^gjlo-Lfcl jOlIjLo^^Du «oi^oJLj (SjfU?L*~iL$ i_Jl>-c£ 1<AS lj 09 .A elS^-Jt» 

js 0«>0 31 \j jb :> \jo<jSj\#>- c~*2> *^>}* > -} s sy* : >'ji 

Aj>-^51 y,y O^l AAAgJ OI-A^aS (^Ase—» C?l*^5 

i o*»l ooc> s j} ** ^ ■• ■■ •*}}>' 3a &9 aS iajiS^^a ilanj l 1 j ,^>1,1 ol—-^ (►***! 

,^jlli C^IaJL-t^ j| aS c£«A>-Ij) JuIa 0 1 c£A*bl (J.^ 8 ® 

olisl 1 ^>UaS^I* L**a^ 1 ( O* «“'l A jUa^jl (jly^y ( ^ > 

(3^-f^ jl ««A£0^* oiAjLil^»- Aj Jkll^wfb l^gj | ji *-}}*} t£A*L£o f .A ^A } 

. © J&} ^©jl b£jy b ol-» (jLfrA^-Lw 

^j!a> Jxa9 aS C-wlu 1 { y>- ol^-S jls c£A,*s»- a* £r?“b 1-»1 

1 .c—1 O^Sa^> y* bOlfbl Ol«j>“1a$ i^-S» UiSl V-JJaA 

aS^Ijo y>^S> jJl£-jJ>1 Aj>- <0—*»1 (_£aJLw j \J5jAA 

{ ^y- A ^~} ^~ijl$Ai <J-iuu» Oyt-A j\} tA*»«lJLiJ b «AJLo-iJl.i 

^3®l& C-*-**'! o^^oJ Ol«>-J 0.AAZ^O^J t„\A*jb.J^^A» o 1-\>J ->1 & 

. juiL 

j < iA—I5C3 l> 1j t_jlzS ^«A3 0^_>■ ^-«1 

flotAiljiAS ^jA A^i | ^Jai ol^l-«*» 01 c£A*iUa* }$ OlStAol^i- 

. OJj 

m 

w> Lk ^M^toyc 
irr^ oU,3 r* ol^ 


r 




AIm A_S O-***--^ i AJLildS Aj U Aj^^>- U iA~£i b 1 

*=? OT <£^\ C^y^~> 3 ol^J 5 b O i 

<^>- i o*—L* S^S pU5b a^a 4r> a SoJ b^ 5 1 

1il aS OlJl a** ObTcoU- j oi^~e -? J^ob 

(SJ ^1 « oJL if I<JUj Ob^? - ^ Ai*3«Ail a 5> O^l 

oJO ^Oc) 01 jL —*> aS c—1 ©i^> j\ c^l/jy>- 


<Jl—O ^1 b*j jbiA» 0**-^-J^ C?libL*j«j» J>l^w3jl (Jb- 

<Xo| ^JL^JX^->1 >JUa| <JbSl>l> eJ la | ^$>| ji (j 1 ub»l aS o—l > xr > ^ 

ijb ®b jjl jj^ltAjJ C^lfrA^ aS 

©U-<o 1 _J JL>- J A!LumaSa> aS 1J ^jVI J— <^>1 O 1 b» J <cVjLlSltX^> 
A» O— ,jA> J©bj„jl La Ob^—J ^b^* tL-—^^>- 

oV^s>cj £~L>b (_£ J^il A^fbJ^j 1 £_«JLa aS JuIoJL^m»J Aj>t^-lj O’ 1 


f 



utf J* Acais* 


jo oj>-» a-JO^p- zyry y>\^s-j:> aS 1 

3 4$}lc. J>j^> A*JI>0 |aS ^^«A5Cj4j ^*pli£ (ja-i i^Jlalja Ol*^ filjja 

a^rjS^ CjJyo <X^jy>j^ ^c- <o^> Jst*Mj 0.5^ Ol^SL o^Sl^^Jj I 

■ Syf^g* <J->la- c£j^l OiJ 01 jlj 
- ^ u^Sl^S c^l^o^l^jii*" c£l— *ci «>l f^-i a*— jj^p- aS ls^> 1 „jl 

«a» ^^iaSoI^?* «ajUalSl^j 0^> c£Io9j.>aSo— 1 c£jl<0 
0Lj-*^> 1-5 OlS-jli— tjyu ^4 jlj <> < _JjL»m 0 c£l> ^L>-lj a-j^j^p-Ai 

Ol^^l^^O^^ 0“^i v5^ 1 ^^**'^' M 'l L» jli Ijl* 1 3 t | ^ 

^j>1a» ^yy* ol-ft^pj U aS «-ai y 
^j5C1o-a Olo ^Jo^L»»a> ^ilp» <_jlzSlr a« w^S^a ojla 
^lajOa^^la^ c£l^ASilj^yjbbAj^lajj ^^LOol^LiaSl 
OlSalil^y yz*<*$j$ < $y ai&l^—s^ ^^p- c£l*Ifrlj t* Olg^ <J-»teo 3 
ai$ ^5 ^1 ^5 Coo j y i_j!aS 1 aS ol>* jl c£l®-?U . ajla^> 
<S jl *-T11 aS o*—1°j1j c^U^lailAi 

. i,, « u il aa^l . > a^Hjli *o- a . ^^ i,d^i a^ 

a/u OjL-c- ^>1 l» 1 jby>- *j*jJLm> ail©a_j ap-^51 
i ajjl,>^L^cJ aOp- oOua| 1 aS^I ^Lyoxh A«Jfc D aSaao O^b 

l» * (tajlai $y> , 3 j\ ajlAi*^j j LijL«.ap- aS ^ol»eil L l^>| 0l-~*_? 
jl 0->b o~o^l jl 1 j oaiil jp- aSj^U Ol y~& ajli 1 ^y ^3 
3 ‘(^->1^ ->ap-^j iX*l a^l^p- olaS^a ^>1 aS a» • - ?lajl 

*^ ® o~i-> <-^1^^* ^^£zla3i 1 _j ^1"“**^ 0-1 aI^p- Oljl 

\j^yj>- fl^Ui J aS j^jOl ja Oj )" ~-o^4 (^j^b Oa^ ^ 

^ ^il^ol OLa> aS^jLLpj! l» (V—J 

• 1 Aiidli 5y>-3 a-^^p- JIaAjI j <3*^ aJL—» ^-i j*> ^J^3 

l_5a_^S^ 1 ^*iL«-i»A^' aSo—1 O 1 (— ii^A s- ^** fcA OL> Up 3 -?1 


ojLlw Sj.sia A k 1 di 5<to jkl^il) j\ L> yt> olaS l ja . ) 

.0-1 041? 



sj& J* <UJkoe 


i£$ i ^ c-o-y^ c**-j 

4> j\ (_JjOl*j o^>1_j _J o«Jlj 1^>' J t t _j^-<-4 0 t_;l_lS^L*p\ 4s>c^J 

o$ c_i) jj> A —j ^jl *j|^S (j 1 AjI^La J <Sj JlS* 

• ' * - 1 ' 

ij^olr 5 £Jj*r 

1 Aj^IJ ‘ Qy.£ .L .JZ»\j %rjy>- ol^ijU 


? 



AaJjL* 


J * JL* oLlS Jjl »^>l>- Ui—*J j\ 

Ai Cmumj La oLc-^LL>l^).i (^lAja^^/C* ^J->U 0L4JO'J'-* 
. O-Ull OiXjh (.jlSjL^M» 

O^S^Lia» J Lj* 0Aj ^iaJ A^^ol ^j*£" 

O-J^LaA^ Js^i^A c^lft 'Jtej 1 ( ? j & C^l^)u«9 ) ^s_oLJ Lo^aj 

(AtJ-^) c^LlaJ^j^S <J-ol J (V(J*^) ^ 

t«A^> ^ C^lAla^-^LA oV_^>o jL>ciil C~JuS.J 

• t j 


„>.5 aS^j L-d-»-i oVLuijIj ^^j»3 aS oJlmi a5C1u 1 O 

OA«i A <3 OjIImi <J> 

(lVm* o^ljLn» ^o J<Aj Aj^ <OucSc^>l 

^S 1 A_ii> ja^ 9j axA^> jl ji^SJI c£tai^Sji ( _ rI S 0>>- a^aj $5 <jU* 


1- Red Giant Stars 
2* White Dwarfs 


V 




OJ J« 4oAii* 


«a^l Jsls j\ .alS^y» Col^* Apyy» tsb-4«jb4> 01 

^d ^SJ^J 41*>i^i ^sL»i^i J) Ob 0l5.^b—» {£j jil ^UuU> 4 S O*-**'! 
^y U-S JilpJjl 4$ ^b 41^w5> clX> yt Jy^yj 1 4» i «JlUlS Jj~oj 

O-'lcSiyl aJ^J» 4A-r^i 01 3^5yJ t X>b ^bfcT o.>b olj^ 

O^.P 41—^jl o^^-> J iO^»l4ZX>*^^l .AyJ& y. bo—1 01 J-> aS 

4_S ^tj J HX>4» . 0-*>l O J£—9k* 0*»J> Ol L? < _>-^’1 l£ob 4$ 0-“>1(_£^^0 
© jli-» vJ>Lp < —>* b^i>4> d 0^ 1 ^ 

^is5 y\y *-V^»(Xl > -4$ a**C?bjliAil4» 01 a—S^.» la^j JLsl—ol 

jb ^—pj J3J <J^ ©jlz—> <*_—Jtyy>j4* '*y*ij* 

ob»<beAy b> . a^Sy* la—> JUsjI C-b i-J?^L>4» ty> «O^!s>^1 J 

y « * «.« > < 4U^S OJ^> yJ?* <-£^1 t£j jls£*J>J «-ily» aJL—>_J4> aS t^bjtj 
c£^S JLo>|ai j y/y» ©JlpLi* 0b>“» l JA aS y>-y* C^bi^P 
JA ^ib 0^5jb-> a 1>-y» aS U—L—P A^** d^9a—?D aL>- y* 

* ‘’M, 1 t£ jbfclft ^btf 1 AlJjJ 

y^bijl oib- (S j S y» 4X—$» < y> jb- b^b 0" y—5obl^J*A> 

a 1>^Oiwr^"^ -^ybs* ^k-> Aiij4^j 01 ©Ab alSy» la —j 

jb—aftAy* 0*0 «UUapejl olb- ^bfcTy JJA <bb t y^l4> ( J-*bj 

^bbfybj oj^>4i y>jU-y^s aS 01 ja^ o^,y» bb c^aII 

J^Pc£l>*4i { aiSy» 1«JUA b 0i\J*y>tA') ^SalSly cJb* JJ b*-* c£b*9jA 
*^j y'yb .AoaJbbtA IjC^aOa* a]^X^S 
O^jbrf 4—o ^1 x*j> ,)i y—J? a ... fl .— (^WaJ^j^S aS 

jl^^j aJ^.i» Cl^* - 0l5jb—» ^b jl «aj^b tSb- 

aJu- a!^ 1 .al:9j Objbjl 015jli —> ^7—5Jb-jA a^J 1 

AS^ylS^ll—» ^»JaP jL — i c£bjbc4>l4» J»^>^»Ai^iaj A Jy* J A 
( _j^b'^^*bp y.j aJ^i^A oOijl^^- ^d Ol® ^liA> 


1 • Shell - source Model 

2 • Super - Novae 

A 



J) ,J« 4«kAA« 

t | ^ aS> i I I .OluI oJlw 

^Wi'oU- <\>> 

. ocLmi ^Ok O-»-. A-«-S 3> ^L»4 j_J ^5jLaj aS C»>h>I L?,j^«j 

dOL^^o^—dlw» _}1 

CjiJ>~\ ->^ (jlSjljLw aS^^Aj <AJL>- ojl^2»» Ajvj^ aSc—1 

ojlj JUiilj (Jji* dU oJJ^jJU aLs- 

JlxA)| (J^S ^*>l 1 ■ t.** J J i,_ <*»' I O^^aJ Aa^Luj (J^aSL 4$ 

^tfllC- c^lfcAi***#» a1a-w^4j ^]l yLh y)Jc>*L 

oljS jIaSc-A^gOj^^^c^IjJ^L--^ oJ^L-ljjl 

Cjr-^ -> ->k jU^»4j dL J-i 

csl^ ©jU— jS^» 4 S .01*0^ 

jlc\i* 3^>* jl^-S ««Aijiui c£jl^£o ©jU-rf jl 

jlSjlijjl Ui .JulS^ £Tjb>- ©J>Llw q$Lz>j\ 1 J (S)j\ i y^.)aC- 

(SjJ ^ i j^JLj>~ (S U O I 43^JL} ;i j o ->* 

U*Awi^ 

4__S C^wl OL~oA i^ ©jll-* C$U^-15 

-7^ 01 -A o^w^-® ©^Lz-**» <^^51» 

4i^S <f O^ J}* <3j& ® l 4 ^* (_/*j ' Jjt»c*c£l-«9 

. ,>1»bj> I C^iAJLoJ* c£jlS 

A>ul)J3 4_S i t< _~ — > L> A^^* ' 1 4L ? ■» 

O^^aj J jJU U^^>J 

c*®^-*-* 4 j L a , U ^U I ■ ■**■—! ojlm> j ( ^»1 uis 

OJjjJkjS OI >^>j^j aSc—I OlS^Lu, o L* ojLji U ,y^S 

<c—t ( l _ y i-j»3) j\ ol'A-».o iilj f^-i-«.j 


1 • Urea - process 

2 • Neutron 

3 -Cari von Weizsacker 



wi? & <U«Ao* 

ijli 4$ C*“»l 

. <XL S £-*o} Ij <3»^ (j^S liA^ c £l^o o^^*-» 

J ^L»|^ <J&,i 1 Ji {r J«XL* t^JUaj* OC-iSfcA>l» i_^J’^JI aj 

<L» j 1<? * a iS <^swl o<Aj!a ^LoS L_Aj_1 1 _J P t.Vm 

ecXi ^J-^5CliiJ CC _O-jfe^ J) 4Ai^i»4> ^I-oL»S L» O^J^-*" 

f^l_*<3j j\ *t J,+S* oUL-> C)£*}jA J ^ J^cli y jb& J" 

. 0-*3 ©du&Li ^j4i (jLo«w 1 Oi 0^-* 

<£\*J£ (5^ 31 ^ aSjTj-^I^ 43^^ U> 

t>«e oj^> 4> ,^0^. ^jL»! < **^\*i£ <3*^* J 5 

0^3 0^*^ ( ) iSjhi&y ( t ) <-£315 ItLi» 

^3 *C--»3 oJl* 1 ^^>-J4 j $ 3*®^ ^ <A--wJ^>' 4 S oJu 3-*^“*^ 

c5jISl^I^L*-«»$ 3-*lC)4S J^U2J 0^5" 

^ ^ 4$ lS jlS c» a«* S iS^*> »Cm«» 1 («iilAb* 

j± y oi\2> ©ouSl^ jy U*> c^LrtSji 3^5* 3^-*** f,>>3 «Jupj.5 

c^®—5 f o-wl ©ibii jys JcJI»j^-3l J>5^31 ^-J 4>*-^j 

ij^>-4=**liji £14 JOj4j 4^-Iw^jA <A-S»J> (iL .>>Xs*J.S 4$ 

fL>-^ v^ - vt\3 *>iW -> 6d :rT obi 

-.^y* 0>SI ^ <y bL-* J& O^i J.> 4 S C-*-i ©«^i 

. 0-3 ©«X* 1 3 ^i>*j44 »<jLj 

jf JmZjlj Ai^JaJ 0^-3 A^S UjL3 £©3*1 4^^9 

4-5 o>l> ^1 4$ c-t C^ilj Oi^ ‘->->-><_?* ->^44 

< <.x,».*5> 5J U £4^w C-5 «XlmiI> ©jljjl dij4j Ll>^A4 
jl=*> cJb-4» ^bul C-^^" 31 4$^jl 4^t—ij 

4> c1X>-^S o» * m 9 «X2rU ^ 0 1 jl JC 4^1i | 3ls>-J itXJo | 

LaJI^ 3 c^i*S^j| c»'*^ 

OL^-* Ca>^3 J ©154 $ Ju*5^ 4^»\jL* C^, i»l 2>y>-y* 


1 -G.P • Kuiper 

2 . D . ter - Haar 




Ja AaJ&a 

^jS\ A—S j ^Lo" ^Lwl O-iL dk>-^5 
ls^-Li 1 a> J& V^JtA ( ^ ^gil ^ -o S Ok- 6 C*>^J 

o.?j J-^«' ->•> «yk^S aS 2>^Sj^a Ok k 

c£k&jka»ej| ^JjIiA-j ^^Akaj^^j-*-* 5 ?’ 0^i-*-<^ ,^A ASAj^SOk.£> 
— jjilxw a5 c£_?IaC- jS O^-* ^Akt» 1 

< JlL<S1<A^j jJLall ^£uA£j 4j Ubjk& (j | aSo<**>'I oOwW ^tAAbl ((AjlA^^Lu; 

otak**» fl —»aj I jlgj 1 j 5 ^1 k aS «aj | a jaj ^l^Jr^r O L*-* 0 1 jl 3 


lli 




As^i Aj^^ki ^il JiA L S J~v1 J 

ttf JJy ojl«Ajl OlO^^k* <ik ®->Sa5Cj i i£\J* aSc«*.1 

0*9.5 tjk> O ^ cLft iXv? iAaC>- A„5<A>-_?a < «A» | ^JA C?lojL- 0^_J**^A» aS A^-w 
0>kL-«*» OaI^jI^ ^?A ^Sv^Aitilfli^jS J > Lam'I ^jV 

t ^ lo ^ y ) Ij O^ 1. L .M* C^J | Lo jj£L5 1 ^ 1 -■ 1 — ^ ~^~LcW 

l ^oj«a5^ < _^>o O^jlsuks» <c—I $ 01 Ok* aS c*-*<1 

(jl^itAi (J^3 Ou>aS Cu^loljkw aJl^Ij cjLji 

d S ( y> I ■ *, - ^ ^Lom«)A) ^ *.*** ^«w ^ o Am ) ( — l ^ * ^1 

O^AAi V — OjjS' ^oj<A5 A^_0 Jp ok- 2 *" «Aj«A>*jJ (juLi A^j>c^^ji 

Ojl'AS^» kjk^>-ljA okk^ <J-x®I ojkjA^IsAj^ki jT 
Aj^Ji) ^t-Jb aS okk^ ^kol^S O ^ils L f Aj^Jaj J^lkl J^-J J 

L* aS *AJbA^« Ok»j A^->" <<A—1 $ ^a■**..“ k C>! 0»**>l Al**}\y LS +J 

olj ^yuiLL^jl^A^- i_5*^— 1S>~\ <Jj k*-« l _^k L^l^i 0 > _^>"Vk 

^ ^csiW J 2 " 

x «cr^y^JUoAOW 

‘( ^ K (_J-^) OT’^Iaa. S ^Ji I ^^tA5 ( ^L^-a>^-i£>ljii (_J^kk*J_5 

Okl_51 Olj!sl*> j J—* ■ ~- ■■■ ^ 4> ^*^-l JL no 0*J^ '_? 'j —li _<o 


1 • Bode - Titius 
2- Expanding Universe 



jb' j *5c-l oOufcl ^9 a11 

C^Iaz*»^ oVLuul _J (Jj*- 9 Ol$>" J S CJtJiJJ^a ^;L*w ^g\SX- i 

^5 A> U Ol^>- a£J { jl 4A £ 9^ ( ^ M r ( ^w9d OvU aS C—'1 

L^aS^UpI o^La 0 ->i^>- A^^i <6 0^*-> O I J5 * ®‘^« > ( Ju^l>- O^jS 

aS^L^I oiU^l .o^l a 9-j$ 0^» b 

^ oljS ji Aj ti_jlo^li f U 01^ 

A>-J^aS ^rj JOjA> . OjJjJ* 

L5~-* W 5 -?^^ -? ‘\Ay* ^iA Jjy^ 

»^> I Oj^l* <—ibocA t£l&Ai**Jb_5 o Jw i^ulS> j» 

AJ>Ji 0*1 ^uju l> \J (^Iaz**^ dAj^_ «A OjIa^Lm** ^<.i 5 o 15. JkilAX>'Lui 

■xs m * s ^r- i ^ c/^—S OW ojl^ 

« i o^L«ui dil<dA^ jl^9 o^Ulu>l d* S <.^«- 5> 

,a ^ Ok^_>- 0“jJ ^ 4 -aLis^a L^U> 

^5 ojll J^aS ^Li^SyT L*^<yP ob*»*L>fc* A^jtJLi 

<jj U^iS C^AS^-fc^ii ^gArlfc-JoLij cjblia-o ^j+JCs- 

^*^j| az#*j» 01*^a® A-<»U>»iL) . 3 ^—2>*_j c>*ju>- oV^l j^1 a> aS ' J!-q5 

L jl>-U_) ota b* t ks"^* 9 ^ aS (^ f ^>-L 

♦ i oj^*^ j O'ib-^ 

aJl^Isj^^ o3^*jQ«^Im<^.«, a5^jiAaJ3 aS 

C^ji « C**>1 4 OfcAutr Ai^Ln ^ma) (JLw <Lw 

^?*“'^ % 4>^->* O^boLsl^s^l 

•$$** 4^-aS ,J^>e-M» c£->J.3 OL*J O 4 ^ &+*? 


1- Ralph Alpher 
2* R C* Hermann 
3* Enrico Fermi 
4* Antony Turkevlch 
5* Ylem 


tr 



*J& J» 

oJfO) f 4) ^ tg> UJ fcjb L 4f A>* OlTjUJ f 

a* jF'j* <i*bJb ^ s^>j\ o^Uu 

oh JAf 3^* .wlilo Od^O^b ^ l$4i* ^yS 

^U3j3 

t_j^* Jb> *A-^>- 31 ^ 4> jUAil ^ UI *S u 

4> 4^jb -1 *(fb (2 )Li»a O»j.iii 0^1> -V... > ..i ^jS < sLi-JlSl _)b>*Ajl 

j *c—1 O^-3 j <i-w4j c mw 0l*£> iJL**» a_*:> 

•C*4»il 1 ♦♦(♦**(♦♦♦(*♦*(♦♦♦ 4j | 1^41« «««» jji* C<lb“ 

yj 1 ^Lm «.J U )*J ^aaSojLuiI (A>1> | y 1 

05J$ <Sj ^1 C-l (jb^l 1 

^ 0^3 jp } «tAlS Ijuj J a l^ T 4lj ^5jl ^St^OsJ A JJ-* f 

1 ull$<>^Kg jS jb*X5»*l4il J 







ijf” JjjS 


t 1 ff S oL Ij <-X _^>J y>- t C—*»i ^y OuLnjliUfljkS D 

5y>-J djS^jA ^33 jliA^UcJ^—b$ 

i_-„** (_£j 4^- «C*"! 'jiOJL^yn oU 4 JLaJ13) 0°^ lJ~* 3^" C'**’^-^ 

4$^? Jy+oJS {^~ , 33 ^**4j 4JL9^51^9 LS^*^ b-4*J& 4S fl^ldk 

cJ>3 ^bi aS A^p> j jjj obsT 

<r. c~J j 3 c3^y=- l><ujb 


^^sbloj ^y*>3j <jt j^pL^aS cu«>I 1 . \ 

«>J .iAj|o p&y b bl S (jl_?bc£^z«J^J 

_?! cPjb»**> C-bS jIjuIai 90^>* _S o**ujb <-^>b 

I 3*3 Aji^S tj^ 3 — b s 


VF 





*Ajj^lSaul ^IoLa j y j 4 S ( _JjlL>^£> <L*J| 

4^ c£.>^*jj 4ob>.yb 4S (*<> y» 4*Jfc> i J ^I^Jj < O-0 

. )lij | *.7 (SJ yl4* 01 aJLo.^ ^l^Li 4 S O—k*»l0^>" «J^s! lSI-aj! O'"*' 1 

■ ^ o .» * > > • «ajlS^* 

£_>LLa 4-©Jt> 4»£d_)_j aS «A—> U l_> 4l^j I L^> 

^1 o*JLm ^» 0 l^j| jl 5 t-jtiJlSl O*^-®—-* Ol-#?" 4Jw^w^<» 4_S (Sj^>\ 

aSoIzs| c£j,yl 31 ^ « flT ,...* a5 1 *-‘ I y ■“ i< • t- -*jui l ( V > «■ ; 

^>1 ^iuo IgJU (J^LoOlw lSj,} I <£-T*^ * g * c?bb4-L» I aJl^ja» 

c£l^l^l«0 oJaL^OI j\5 — OJ>*» i 

c£i1^-i^yoduO Ijj^jjl 4S <_jT 

(jp-u i js Jj - uisCiUji ^> 0 ^ cffU^L®^ 0-^f^5 

l^j L»jt^ l&4j 1^>-jlTj 4iL>-^>3 cL^Lw JUjI^^aS 

^SoLj-^y «J-i^liA» 4 S 1^ oli$lt£j^yt 4$ c—1 0T 
#( *J jL* *|Jl oJl£, O^rp-S LZJL+Jtj cSU©jJ3 jjy*\ 

«Oolj^o ©L5 ^j*m( <±S*'J* 4 S v_jLl9 I 

•* x -*S t 5* ^ij—^ <^ 3 LS 0 J~~SI J Oy^Aj b JS ,>3! \y* ^yy^ 

^ybLSOj^- _j) jjo 3k 1^*^» e^xi» 2>\j 1 Oj-^SI 

4U JS oOLw ^i_^| < (<Xl $ ^» t tf^lral> 1^ <_V_wl> t5LL>l J3 

yjl c£->l>e>k JU4 ^4$ C—I 01 oL®l } «AiLa^y* 0 ^^>-S cJL>4j 

<I «^■wl. mS ^t 1^* o^..x»S 11> 
o 3 4l3^S<X^wJ^>"jl e^liAil 01 -^^i_^t J . 

2>yt>j U>A> ^ lo . (*i-?J I C***>4i C^J^il 0l31 
4JLir«i5 «X» I 3^I»l>- O^Jy (j I 

1^"-^ 3^^^ {JLurlt o<Jla ] ,J^>-j4i 

l£j yl ji (S^» m S Cijyo *_> | (SjjfU aS c^ : .i ^i4* (*3V 

_}Li* l^-a»^il*il ^Li*jjl 1_^ 1 iX^Z/Jy^~ C?L«^S : c—1 *x.« r< ^j> 

«—>1 4> Jjuj* i\^a>J 1^> ^ic-Lijjl<U 4 S ««JuS^y 

®J!^^ ->^ OljljJ 





Js>laj(_£lyt>4$ o-l ,yl 01 ,_^j 1*Xj ob 4>- < O—l^j^^-rT Jr^ ^U 

4>udLi J .ij—^yJ f jS ®Jl«Aj1 uJj 4» £*la— i~ilx>c^ 

cst^V' & * *■*>» 1 oSy>“4i O j\ J> 

4*-£d>-^ji <0—1 _>y>- Ol-** ^Jjl.^ *S 

A>- $0—1 t*SJ <xOj>yJ>- t£jy 1 ^jl 3^>- ^oJLrjy* li ( j 

^£oO<Xa 4>*Uj 42—1.* yliilyy y! aSc— 1 OOuft 

4&U1 yJ J otX«| 3y>-^4» iX^— jy>- L I $ 0 —l.i iAfi>l^>- 4 j*1^1 

W^^^vOi^ C* > '^4 ^-* J t£ly $«J— dt&lyi' 4>- iXw 01 l£j jil 4*J*> 
^ ^..«.O *X*J*jy>-j\ 4jl„>_5J4Sc£«Jy I 01 frjb.^yJUa* dbl» 0—5*0^— oli 
01 (J— ^*li J3 o «A—dy^O (JOyl jllii* Sjbj^ yj J ^jljkA OkuSy* 

• (%J i 0—i4j y Ip^Us»! 

vSj jif Jb^f3 

<iAiy$y* ojtojl jl f Li^c^d^ljfU 1 j(£j y 1 V j).o «.—OLyj J 3 

0-LiL*i^j^y» .^4» t£jyl c£ly £i c£l*<A»*l.J «j^Ip- 4s*y5 

ctU .(oy c£ly) c-^l— olj^LSU(L a^5 oj1«aj 1 c£ly) cO^JIT 

dU yly 01<V> dSc^l t$3yl yly _>i ef J 

Ji>l>J j\ aS 0»aSojI>_j <ddSo$y>- 4-jUyL^^jJLwdL o^yM*Lj «xil> 
d i>** tif*jl cSLjIj 4»S y,Jy i _>I»a£* 4»I3.?J C^IaAa^J 

yly1 C-****! »>lj > y<Jl^’_A 1 > 45c?l4i*A^iA . 0—1 
iif j\oy\iiX*> <xl >■ OWisdii Oi jSr^S(S \y . ijta df j\ ‘^dsj-U 

fiS*j\ O^-Aa Y 6 ^1^ 'j* J* -?**■* <C^wl ->l^j 

u^A»r • ♦ ^^5dX» .juS^y* o j**** 

C— l JL-PJ (^jW' -5 ^ 

^w«tU 4$^^ y 1 tSl^>4X*ll . Jli J * J * * * t •••!•♦«,• ♦ • t * ♦ Y U 
^Sc—lc*^>01-?l yj 1_J <0-1 ^jl1 jl L.C 1*4 j 1>-4a 0^* 




'i?j* J 


. «A> ] ^a 

JLw j y> \Sj j I t*J 

aoI£ db o *-^*js ^Lft-cziUtf db^» aS obii | a*—I (Sj ^1 

t 0<jj* jualo^ j\ J & ♦ < • ♦ ♦ (J.}Iaa «Ailli ( S^^aS> Jls^A» 
i^KAjv^jijaJ * $\^L»lc5lja5 aJu-w^Ai aS <SJ ^il J t t£j|aiA ^5 J ^jl Aj^Iska 

J133 <sl& l 9u 31 b^i^l^l ^5l • cam! oJu> 1 j*J 

*S(£j y ji\ JLjtA-» *Xlrj- J.jUa <S f^l*A ^L-r^A» 

0O>l ^}L 1^> 3 $>" Obi 'J— SI . t o i.J Uill^ A L* Ai L>- ^1Xw 

(SJji 1 _>1cXAa aS A>t-JL> i^lS<JbOLsu jtT ^ (S ^So^ljlil 

yt-bo»_ji aS iA,J!>J^I 3jj> 

jIaS AjVLw ^J£<sj ^l 3 c—l->bJd i_—1 ♦ t ♦ ♦■♦ (Sj ^IL ^1 j> 

4 ^ 0 —1 fUi^l^ u^J-* ov^r L* oL-b *L> ^1 

. <Jj | ^A 0—0*4 ^1 $A jA~>3 (J 13 J j\ (jfcAJ £*b— ^ 

£*£>• 1J (v-iis- <^J^il i j_jl j\ (Sj+aZ^A 0**~i l$U (J£AJ ^3 
aS 0>l->b— 0^-* C^LaS Ai AiUb! 01 fia^l 0—5.} «JdS^ 

brxi «^u tif J rjA x i • YY ii o-l ^1^ oT ^Ui* 

f'j) X 1 ♦ aS(J I ^b—^i l^A;—■ Jl—(i^jl 

jl £ijA J~ «.«.*■ > L»>^jbA^ I^aaSOa— 3 0—1 ^^-A-JLibi 

O J ,>.}—^ jl A*jli^fl>J^ c£j^il (£?* ^1 fOt* XI*' «-OO J^*~ ^b— 

.»Al —^^a 


jLu.j ^IoipI aS o—l (j 1 j* cob t3 s ?*2 b^J_o * t 
^il J*y* X 1 ♦* MlA .JUft^ <^1 _^SOj^sAi jj dl>-^S j L -a »> L 

3 r.u jL^^UU^) . L i Q--a» I 

a^L ^Oj) _♦ j ♦ ♦ V L V X *^* ♦ 1 U o—l ^1^ V X 1 *" r 
jlj^li o—l c£jL*a Alij ^IfAi ^)llS^iUi aS 0>J^ili .(jLltf-1 

. ^ • ^l> )«♦•♦,♦♦♦!♦♦ *L 

«• M 


IV 




Oj( £>-JJ 

cXwt> f ^SojU ©^l«AilArj- L | 

Cjj\ jr>- <-^>- 1 J (y 

->■*) ^->U 

^^>-<^aMij>\ Cztyj* yol di**(^> j ^A^ef-ii c£.Pyl c^jloJL» 

(a^-j^ £ ♦ ♦ u ^h)c»^-' Ojly>- a^j.> Aj aSj^jjI^caj^ .OlS^* {tjU- 

JlJLmOjI A>-Ji -J-^J Y 4 A» <iA^L ©<Xw*0 

VU^f jl O^JjPAj <Jo ^jI f ♦ ♦ ♦ 

Uji J>- C>iXZt jl> (*^5 (*L^-I < ^*«JJ jloia 

«J^wc^Lm^ ^ J^lJaAyLoAiC*'*-»** i aSo-> 1 ^>- I oy>l»J OuS 

<1 LawIaLa AmiL 


• <^-W 1 


a*^»Ia*^j3jj I jI^j-I^jaS ^jI^JLloI» I j<x*j*j^~ ^51 

OVf J> aS ,>(j^ y^j* ^y L» 1 A» t pjS 

CstJ^jyi ~>t Ojl^ Ai>^ .aib ‘b'JAf' ♦ ♦ ♦ (^Hlk 

^^*a=?6A c?Lbdj^S^X>-Lwl> JI J± ^j|^jt t5 J*AS c5 J - ;ly>- A>-j^ 

O^LmI ^Iuh) fJ>>J^ull i ' * ‘** ^ * \' * _* ^1 i m . V ^ ij*^<V <J^J t ^9^ 

ASColu | _} (OUi^j OJ^y> Aj>“J.5yj 1 a> «Ajl^I^ftj C^lo^^S Oly Lo 

jlj <C*>-Lw cffloJ^S L-#> I li aS c£.>I^* (*IoJ a 2>”J5 J' ♦ ♦ ♦ Ji 

}l*lT A50, nAij-iy* IgJoAj tO$> > J^>3 0^-^i ^<a 5 yO 2>\ y> aJl*j>* 
dbly^yJOjly> At^loL» ^t-Jb ^ . OIj | y*J.> jl=*J C*5 L>Aj 


Ar>-^f vr c£|a>*j>X*> yL^j^J^lJa* Jcue o J J>- a. ) 
oli>->^ f L©j . Aw^l^y Y' A») 0**l o I aIsA» 'jl'J 

. c—1 c^1a>^j>jw> ^j-LiLbl» ©a* | <_jliS y !y>4S 

ailAi^slyjo t£jjy aS o^1 J^»l ©Ijjl c—. Y 
. jJjSaJ £ 

AjASa^^^yb^JU \j OjOi jL^i3^>ub^> 

^>QJU C^>^>^Aj (> ^i30^ 

.JuS^jji l^JA >jy Y * t * * *^«A5»-J^ jly>A>-ji c^^^SojitAilcjU—l 




JvAjjj’ «if - ja j 


} O*-**"! ^ «.X ‘.m> ^ia-u» «iXiij 4 JLm1x <.£.,,>15 J^>- 

. c£j 15 0-Jb“4i l=»ij | xl y* <W> 

^Lj4j < cLlili (^JJaA Oi\ 

jS^jo ^jl^>» (—3"ylj^>- \ <-\j U 4^- ojlxc*5«-<5* ^^->01 jS 

_}1 ^9^tiajA>4j ^a,^1 OlwLi <JLi_*ki_p^>- 

ovf jsAsrJ* aS 0-**»!®.>ta 0^*j 4x3Uaj» . 

Ol^j JoLi «kX»jj^c O^aI^T' * .^1**»»$ ^a 

joL ^ j ^r «AjU 45 CjLl>- l^o j ^ 4>-1 1 

4I-ii|^ c£.jlj>si titi ^fclS ^SIaS tp c£^^i 

01 0>>- <»Xl$JuoJ l.^jjl^p- *>■->•> «-^>4 t£jl=*> (*r“^ 

4*Jfc ^^i>l ^9 «Xks>Ij f^S 0->t ^>" ^jIa» 

.«Ajl^^w «A£>l^>- \j 


J+Zjyi- 

1$ aS ^utj^a AsyJL) I Ai OJlrtiS 4S^jUa>-^-*> jl 







rJSjy* J>\Js JlfJf jUj S/ 

-b!^S ^ialc-^_^«aj C—1,3^-^ jb~J 

<AaL>- Jfcil jl^ jtT^ ^JM> Igj I llLfc lfb_A5 

yX^hjy>- ^j-*>J2> 4S ^-jb» JiU 4Jl£j J^ljl OuLiJ^ «<Ajjb (S 

3l5 i y»Jl^b £^».>1 . cb jl^s^»^>- o>A>) 4 b jLii 

^\ ^aAj c?^I^^U>XaL> il^Aji ul^i^b-AS Ojloolol 

31 t£jlS cJL» ub» aS c~J c^>Ol31 ^b ^VL 

v-9^b>*l<b J=>^>l^o i3^L» jl £jbj Ouhb» $ <_9^L>lUj 

4J!Lw^.i UjlSiS C—1 Obi a5v3u < l^jj | ^)l^>- 

oJ^li <^13°^ J5b «a-uS JU-^1 ljc^ 

U !^*»*i»* 0\ £«b»<> ^yy^J (J^Mijl 1 <*Jb9 (jj^ »<^jb 

bb»b» jy^~ ( j>'->b'jb*^ ><> /Si ^gb --^ O^bj 

O_;©Jeli 4JL>-b O) 1 jOU^pJ^>- ^5^aaS t^lob «JuSlouj ^AjI j 

<Aa|^>- iduj ^o-.iU^b >kb*ji c£«>_Jd^Ali 
y J ^Oi < _J^’b4>Ju>Si_>_^>" £tLa*«oi As>- j^^S) ^l y> 

oL*^)l£:>45 c*-*l ®J^ir obs»- ub>-j i J U 1 ob ^yitC^- 

JIC>- .a^»l—> u! lw^XA JlO- iSjS^* 

Jo i U I LS ^ O J J(J-> Jr^ (^^—aIuIaS Ja mi yL» 

)jf X 1 •* r uT^ j ?J> rx) * rr 

^Jlr <(jb> J^UaAj «0—1 ol ) (o-rl y^*sl* 

C**ta*i^SO»-4> <U3^r jt ji wUAu^> jT^oj^4T 

tXiuii>^^J* ^ ‘ii-^( ^ | ^b)^ ^J„) jbtj 

djlOuiAibJo | Ji 

1 ^>. jhi 

^JdAAiJLjiiii,,)^' t ^> ««J l1i^*S sjLj^L* |i i fl Tw<*i ^i*l 4?"^Sl 
jA sy>y\> OjjJ^ ojjK jJJ yrj^S C^-M^ 1 

jb ji<J»by* i yX^hjy>- ^Lj-w4j ob^Ul ^5»l 

^Lijijl ^j| y^y* oliz«»ie^l> ^>- •ubMbl 



jA Jj f 

£tia*»j^|A5 A^^idjL&JbAi (3^1 , S«?^a5 

JkJai (3^*1^ o^l>J,j U^yitflj J s^>’*'***i* 'rt^ 1 ®^T 01 

m jp jftt 1^31 ^SyjuA a 1—«*> JAi aS 0«-»3 t** J& y oLaJi5>o A^t^JL» 

C)\ —oJ^Lm» jl^>- ^L> (1 ) ( JXli *ais^5 cL>Jy*> 0,3*£*J^f 

^*p ^ji >ff> (jl . i^uj|&iXi>i j » Vm i »j 

9 J3 aS C—l ^ jlii.} O j\J>- ArodjoUj <_^j^ jAj 

. oOLw <3^“* 1 tA— tij^>- f o>l V r>c^> 

J3-i^o^<&Us? £tta«tj<d4j’~ ^J> Ub^^oJ 

| l> (^3 • *«»>A$ t < \ i« ,tl» ll*9jl 

O^M l,jiy^) < v__- I oT^k- \5^4Ui j 'l#UT .Jj^u ^LiTj 
c*—l c£l*3L_5 <jL>^ jl ojI^—psajUj j ( obS 

l_jbJL^> O^.?! C^U jU_J £r jb>- <XJl/J^>- ^JL- jl olSdi o 15 a5 

aSI^K .(c—I>J^L- J J£Li) ^’jjxjTc^>3l jtj* 

“^. I ^ ^3^*“4 > c?l^. U Jjb>tA J»l»*)jl l^jJo 

j5 AS t i’:,..ft >^lCjL oJjL» ^5 OjL^ £-51.} JA 

c-S^-U c?3tS 1oL*31j a^9^5j> 1 ^ <A^jy>-^y>-jl>- 

VUUbo jk>- Ijl U&jISaS ^cjJcAjAj . JuS^^» C*SVl> <3 ^Uaj 

l^j 1 Oj\y>j\ c^>- l ^v*JbAj^ icUS^Io-J J»L--jl *Aj I ^ 
«JLwJ^a ^la'iAt ^l£3jlj t>iX£j ^^C^-aS du-£» j^i- t*jjl_5 

jUS dloj^jA tgi£\^j| aSU*s| j* 

C^L^31S ££*>_} 't.jr^ J^Aj \ j U31S 0b^9 < JLiU Ali^5 

aS 0-3 o^ ul J 5* 

'^r*-^-? ^ J^l Aj^t« • c ^ w -^t5 > 

« Q>dKW 5 ulj^3 ,>^ ja «c~i c5tv-*l_j> 0 >>-aSc—1 

t$W «fapM *->.» DOji luui c^1a*jI3 c5^4^j«. 0! t-fliijtj» 


1- Sunspots 

2- Solar prominences 



J < C—I t_jLi9b (^l^Lo^ JO (jl->_?-*-^ ^I^Lwl 

OLoLa i_> 1.3^5 {JtX£* l<A-^ Vy..A^w» A$ O***! \Z*£’ s j*d i_5^l^>'l ^jcoJfc 

I C^l^jb^>- OiC ^*i v_3^ylz>'l‘l^ 4j^S(_)l«.A i ^ ^ ■<*>^t i? 

J cS'jJ^ a]jLm*a<> 1 J©jjjl^>- A>»^jUjl><^<r>c>^>1 

'£x^mo ^ 4^jo !_^S i j*-*-*S 

I—o ^aJ c£loj.> ^ .<Xwl» otXio i«JUi I^aJlS i_a_jU-T j^jI i^lo«XLlS 

.3iL J Oj^» l^ilS 1 3<J^ Ojb cfj^* 

aI^^j! ojU jjyjj S^5 oVU-j^ ol u1jj.> ^1 

^-~>-J2> <iij ^>^>* -J-3 4jVlw J$b 4j ^--Aj Oji,_/>* A3»“J^ 4 $CLo 1 

j ,^-AIua ti ^ > is A o>i^l 

«^aLzPcAaS <JL>1oJLkwui^S ty^*» uT^ <3^ 

) a : 1j9 ^>^Ls4j ijl<tXUiS Js>^»^A l^iiS O^ ^ .»aj . lU l„J 

. ^>>.? v >-^-a5 c^a5 

J J_^L»4j»aS c£ s ^i»9 j.3 UbAjliJJ UiiS 

J?Loji jy>~ f v ^>- ^cjjL>l> c£>S JUj^I *o o^l ^L>U jL^ 

oL^-(J-®^jiJ (j^-~jlO<-Xi C—_jr>- (j^-®*^ c—| 
JAjjl -*>jb i 

_us 


_1VVA C-J J*» ^W 11 - ->■> Oi' ‘*» • ' 

-lAf* - ) Af A - 1 At*V - 1 Ar» - 1 Al? -1 A*) 6 -1 VAA 
^4=«! . mA-M1V-H*£>-1ASf-UAr-1AV1 

i^yiilO_awS_? 4*«j|^?1 ly^-aj 1J Islj^i t_>yjL>l 4^1ol O^t 

^1 iSl^JL Jjj C~*J5 ^-tr* j 

i^iiSjiAji nrv - nf* .oiA juri uis 

ijyL*J* IjOl Jul6tXijl^>- ^51 aSoOw 4jJbUU4 

.aj)a> y l. o^ tt*j (^y 


rr 




► 1 




vi^j* ^ ^jSJ IwLj 

uJj jl aS ^^4-lS^A 4r>jp JAr>»_^j (Jjli 4ll-~fc4j dLL» I 

jL«*o«LLjjl OlSjb-u» OW : ?“ 4c '> oJ ? 1 *k i *-*J <-3 

ljl„)l (?^lJ ^“ ^>>jI < A 1 ^jl^ApAi ll > li4^ »^«<»»*»l (^<\m> 

^yll-Ai j< a o O^-J^^aS Ob^.? i^IaOL^ A^>O0l»> s- ^**’^> 

. JuJLJU^^^Ob C^Ijc?- “ 0^® f fliA» IJ(j ^ 
a c£l—(j»Lo^?L—> Aml>Laa _^a o<x2> <s*-*5 O^o 

>3 ic*-»l 0U3 O^*-*^ 

^L^oJJAJA aSc*^ 1 (J I ^>(JJa 3 y>- 4iA^ t ^»j < *i 3 - ^JjAaS c£«A*>l^i 
I Aiili *J«W cS^jJuUjj^i) OJ>-> 4» dU-i.)^- C-JU» Lff 

IJJ :> Cjijr^. >3^ c^I^jUjja 3^IaS JU3 

_p ^laP C?l^i^JLi>^i 0j>^>- 4j*-i|dUdij^>* C JM^ 45Ci 1 
aS ^jlft ojl^jum i i^Orf 1 oAjLmJI^jA ^)iA9 ^ L m » ) jVl4 J^jl» 

J^M^S O I ®*A-o L»J ©<Aa 1 i.2a* 04» ^jl>l.iLuiii utildeA 

j! jJLaAj 4JLwu5jJ Li>tj^Jua JloJlLtj' 0<Aj*JA j> i ^ill> 

j[^\l <0^*1 e>2> ^50^juJu 4la>»^j* ^Jili 

•Uij C^A>>’> a 42-ijJ otU»^ (J^-*>-* j*& Z^'Jl c^^~> 

4.JV ^ JLm*^j* ui ^ ) 4 j ^-jLo^Ll ©jl«.Xj| ^51 .^C*-***! 4?*^« 

3 O^V £> 01 J* o! 4$ C^Ia^-j^ J1 £00 Ojl^> 

Amon - Re • 1 
pre - Cambrian • Y 

AS ^l^sicJ c£b> *J_JAA> f y* 5 * c?U>©^jaaS o—* u! 0^1 .t* 

0 «)L»$ (S 40^i 01 <-3^*-» <Ajbl^w 

olI aS C-—J>AaL» . JLwliAi-il^ «LLj^I Ju -Ljj>- 

,>1^ ol jr«**i 4>uX>Ji I^aJ C**i , I OI 

.0u#U»0t^ OaI>- <^>* jl<AX* jjwo < (J*?* 


rr 





J *fUj 01 j 1 oajO>>- 

. «A* t <A£>1 ^> 

b oyO ^’<S ^L J3 sy>~j-* ^ \ j^c- *aa>1^—_j ^>l> j < I^Ulll 

c^liboj^ tXol^i> l^j | a1^—^A» aS «>j.J | O—«Ai^jbVA 0l S^^s* 

^j^Iaa {£ ^Z->ca L ^< L- Oi^ t j« < w ■ lA l l S v_4 *.. '> • Ij 

oJaaS |OiJLm> ^oLaC f LtA» l jl^3 | 4S OuLmfe (^.ilj^Jb ^?l j l- — > 

asCiI— ouU) iSiAj^j» _^iS| ^oljL 
O t OJ-iS^olt-L^ t_j j^y«J jl-^-3 c£«AISa»J 0 u^ljboUjOil>*I 
A> A^OaS <Al> I C^^^J^SaL* >A» JL l^j^JbO<^-“ 
A^u-Z» 0^3 tjg^~\ I -? AX>*Ica 5 o3l^<J CjKr*^ jZ&tS ObjOl b .0-4 
I aj>- aizw! 3 l^l^i | .a^L» <£^X^j\ ^0*^0 :>!>• i o-l l>-^j'-bjh 

jUliO loU4 «A.ftl^olb’^l^)-*-*-? y j~^ A^j | ^ja&tAA* * O*—4 ©«A—^b 

- O-wIOi_xjLb ^5l> oJlUS^,* w * ..> * . 7 ^»LLp \ZjJ*k>iAj5 J^»j < yOiLj ^1 

oOiJLlS ^ksIJLc- I ^o,> <^13^5©_;|cijl aLl— jA> I^3 Lo 

A>-j1 A$ O^Ij-> 3 Ol^y* ^jaJlZpc^ ja | ^ «O’ oV ^uas>tA^ 

<JjL* p.«OA ^/>1,? i01 ©<A>b | ^L*j>ul oiU-A» LpO— { \j I 0*Aj* 

0\ — Jf5 lOj AS 1 ©jl*.— (_£jj ->l a 5 o->l 01 

o_>ljui09 JS j \^ol «>a01a— jji$ 4 ^jIaS > y>£' o—l 

• <Ai 

A_S 0—1 O b As^*zJ 4z5 ^5uJ^ ol j ^bl aS^LuAsij 

J*£tf Oi^ $ crH J^* V? -jl > 0&*-> jte 

1 lAj> j\ K j^y (S 5 b j odu* aS U»*jl jl^ •0*af6wWJ 

jL>.Z>-l jj> c^IaI^m»^ Iaj <AZ5O Jy*> t\*J*j^~-)\ Ol Ooo 

OjLud ^*y M> ^j5s*?u^ ^ - < ) l ^ 7 .3 JJ L^l«^l aS gb jl j-5 U 

o^itAil^^J l—4 A—AlJI ♦ m i Ii A —I^ 1 ,»»>J 
^*aS ,■ « . * A— J^y O - **' A> A^l» | c^l^J <C—1 j* * i» * > 

«A» j O—AA> v^Sl^SOl^? - ^! aSc^Aa! iljlAbAj ^S—fL 

. 0-1 AC-^*y»^ Oi^ C^O*^! u^~* 


Yf 



*£T j* j twtJ 


aS^Z^-I^-I^j jlS.^1 L^^asO_} C)15^1 sjm» aXLo! 

o<Xu | cfl^L^9j^ ^5 («JuIoJlm* \Z***Ji> *iji 1„}1—*9 fU 

AzSCl ^1 a> ejltl JaA9 . 0>1.3^ O 1 A» ( I ♦ - ) t') 

J «L* .3J)—>* t-^Sl^S Aaj^laJL* Ol-SjlZoi oS^^- A*JUa* aS 0—1 f->V 

< ^^^d5Cj A> oaj i_^Sl 3 S «waLz^cA c^lftiJLp.C-^ 

U U jLzp-I „>:> c£y> 

j&zy U 4) JL» 0>Jb js Jf 4f ojU JlcT 01 j*jL* 

< tAj 1 O—3A» C^lc£dk^>- ji 1a> •W'tttf 

i jl OU>^ oOU' 1—_} b^jUijAS <y*~A J 

. dulo<-0 1 j^ oUl 


Ol A> Oi^i_>“ti ^ •JLum> J 4jVL> ^LamjO^' 

o \ 'j+c-^j^'JaZ (i*f jl 1 jY X I 

f j\ *\***ij£>- ^j^<sS A^zj OiW (Jl— 

wrx 1* w ^ sSfj\ XJf x\**' J*Aj 

UT *c—>f©a j f ££x£> y I ©aU jl f j? j& & j> ^j\ 

\ 0—1 cil* | lajrS^)! cpj^jl J 1 f 1—„jlduiL* jj I 


?(( D wlwj^> b f 

j cJ-»1a* O y t M '* e * ^ a-ta JU^I 

<_>* t <xLil» OU^> jr^ ®J>3 ^Jljj^ 0 du Jhjy>- 

fj* J6 *.» i _> A^J^ OtilSLj^ O^ t-kA*bL*J C^l J* 

■ djtA^nlj^o lj3^>- Ji J^aI*— Jjijl Ol b aS 

^3jL> J£\ j\ <£^J^\ S '(J tJ J++*JJ> v A-S flClfe ul J© 

J6 L^l^i 1->0I <S«fi JLo^->-1a» t du 3J^i J^+*' ,^JU»eJ lj du-iJ^5>- 


1 aS 0—1 Olj^> t^l^jUjl jl ^J^-i * 1 

0—1 £l>jl oUl -?1 !0>^l J^* &*** 

■f—'3 jS ^1^1 lj_jl 





I Jli-J j { j^i I SJl<AjUi 1 ^>5 

IJ1, * L) om»I <iX > ^.^1 a . c.1 

. cij^ ->LiA* ^ J^sl fLl ol«Aiu* 

«c~-^ ^a>j | asCj I Jj 

^>_l Oly^ j5^ ^jLl* (il^1^1 c>^b a 5^>\y» JCi) t£i.>iAj 

>ii) J C^I^JLmi A^Aj^ ( \j i (^iloJL* <_•»«! i>5 

cOltAjk» tXlSldL*j (JjafcT l3l _^->-l (£^JLu> iJl^J f0^^ aSI 

0^->l s- ^-o^AuJ jy* (j^L* ASdAOj^A dS'j\ f X ) ♦ ^'c£jL-J& <£j ^1 

• O^lo^b c/“i ajl£>cx5 s j j ^’-^^ a5vH^*jI i£j ^»1 

0^*^ 5 O^» o»Xu» A2 ^*Lm» ^ajl^- iL^^m ,Jlc-^ _)1 f^>- >< j5l 

(*l —*j ,^-^j L>^S\S < cJ £J 1 IjO 1 j?* 2 -* OfC-J ^i*. « awCK^ 

*^b jr?- <-£3~r .? *^>->- 0! 

^*j ^ (JIjc-j c£L>a> a_S c£^£».> <oU 

ojU 

. a.5jjlay aS *xocX ^1 

J £l^»jl U (f ® C—*i ^1 ^1 CJUA2>- 

^^jL-b c^lfbAj J^_, 3*tJ • vZ-*-**> I jlSjLb •ijb *XJhjj>- J5 £ Jlp - ' 

Jrjjc~* 1 ob ub^ 

0L^> L* V^*joa J^**J 4f C**>fp JT ©JfuH 

l^i I 4s*~Jj3 aS^Lo-wSt t^lglUijlj J*5 JLiU ^J^*y CJj\ jP~ A^-^A aS 

AaLs a 5CJ I c^l^ Oj>^> O-i I ^ C-OA> ^1^ 

aL*^, Ujb i^S^i l^A 0^—Sl b j^-aj j 

<A ..i b i^Mf j oo ^*S A^Tj | < j >* * ^ U I Ai 

d^liAilAj C>) >J i ^ ®-^bkSb Abj.^>J Aj IjOl 

ob^L?l^J-I 5 J’! 3_^>- ^b J Ojl^—>■ oW* j-i ^ J * (*^b 
-cf* ^b^A> ijl^i | «^ju «AjjU (^i 

t UJJJi Juj J U^^SIaj ol jb>t» Ojl _^*“ O b’-J i jJi («AiiS 

• (JiAwI»* Jbj _J jS 

♦ ♦ ♦Ojl^ a^»^ 



O» tiJs> 'i?J» j 

«S l£j lf 4S ; ** - I o*--> ^r—* $ oJL^S^ya 1 j OlL>U.J O fLi 

U^t,$>* (jaJUi-j^5>LcJf ^jLu^Ufcl^ij^>- 

1 ojly> Aj>»jA O^jLlm» y>jb>-^^^A ^A^Jl 

jl I^S y* a! y* (_j^5du ( 4>-_;A f ♦ ♦ ♦ \j ^ ♦ • ♦ ) C —>\ <A-»-£»„>1 

• Sy y.iAylSlol 

J>L2i I 

‘(►jaIisI^a c£jyl <J-oi SjI^a $y>~ cot) jl c£tX>*lj 

<^Aj^*9<ajl«jl«j1a a5 j1 ^X a> o L ^J- S o^l S jU u!a* ^-^>1 O^j*.? 

. JJ IaL <o^ ^d5o ^ja ' i J^>^ 5b OjB Oto J& ^UT 

fjUJk t AL uiiiS iA ^Ztjy^ li»-Aj A^>-^j ^)l i 0l4-o*£*j1a 1 

• jr? \j O 1 eriWi 

31 ->A •l+Zjjp’ t ydy$*1* J& A» Uj 

.C— lAiib Ay^ <£ja*S 0>» A^- JIS 

JaIu C^wl (_£«?IS 0^5»J>- aS C1***>1 

(A il^J^oj ^_5 jSt> { y^J jL^t j ^ ^u, _?lSi»_fl^Ji:>- i - * ---*> jLi*5 A>- (Okjjl» 

Jl>- ajIa Aj»?\? 01 ^-jjiii>cA c£l^i-*«k-9 Ol—^ aS a^>jU 

a y>~C)j} Lr c*^ujA 1 jll> i iA_^m jy>~ aS o!>• .«aiSIu-a (_]aL*J 

4JU2»1aj 1 ^5tj I t _^ > 'lA C-«-o~»“9 JA A S o A ^SljuJ yo (j-^Ljul 

aS^JIa^^ lJj^U iAAj» J>JI 

^jjl^iLo . A.JJ^y» Vl> 01 Ojl y>* A>>ja A^> c A ^«££c£jl5 O^^ - 
(JAui ^ j—S ItAJLi 1 ^^SCJ ^15 o OAw l!^ 1 ^S 1) J<Aj 

c***l oA-^J ci'A^Aj Cwo—9 jlli aUA jl a50 1 U o Jl£ 0 1 »aU 

\j Cpl^^^9 0~\? «Ail^i» aS 

31 **y* U&yL* fy>- 0a^<0U-^S aL» y> ^Ija 

^J.AA^5j1^9jA O l JA JaUI AJ^ Ojj^ ^3^1 01 cia-*' 

O jy*> 01 <01 A^>C^lja9Ai ^yU-i- ^Jawl A^^y v 0>>- 


1 • Hermann von Helmholtz 


rv 



c£jl<AiLi £jjy+e>*4 L® (_£jl5 o< 413 

|^lX>ca 4 —S C-““'l ^jV ^4 Aj ^_)1 L?lJ 

->3 0>^l ^j.p- ^ • «^a* oj>- 5 ^Liil 

JLiJlil^JjiJ) 4 s*aXj 01 J i L. * tf Lsr^i-^ o^tiil 0^ 

^•©^3jaaS C— 'l^^i-4* (Sj ^il Oi*J® <Sj ^I^jI (^ f *"* Aidb I ^_,/*<vi. j .. ^^ J \+ o.i.^il 

aOT <>L^l J-®^ 

^ >- Oly^ ^U*»! a* 4*Sl>- 0^15 <£j_> jl 

- { _$ A ©Aj »A^2»J^5>- JJ5 a5 ^x^La^Lj OJ-i OAjLoI^^» 1^ aS C*s1j^ 
♦j* ♦ *Y oJI<AjU> o J* JtJS Ju o jS £l*-i aSc— 1 fjV I 

iS ^*k*J Ot^'**' A_I_*J 1 . .3 jd O-^l Lo^jAj aS iXMoJ>^ 

o^O*^-» fUlc^l^i c£l^ 

I 43 c^Uoj^ ^UJ ^-Li^Aj c~-d bOI 0>^ J.? <a£L 

. ^yZ/^A aJo^^Ia ^UO .ibj O^LajI ^ltXAA t p j^*£» ^j]a‘i 

01 0“i^A—<_SldCol jl aS tC^J^l t _|S jlvXXo 

J*t J 1 £-*?J U ( 4lJi»l,> Co l ^ . L . 3 ^>^>~ A—S 0\—*J O 1 jA ) 

£_Jl* £!) j\ Y X 1 ♦ ^ 4i JaA3 01 o^ltAjl y C-M»l A^lst* <_^>U 16 Ju» 
^-Srj^j> jl StXi J^L*» JS" C^j^l jl jli aS 

A^^J t$l^ ^^Lail Aj^lii 4^1 ^l^ito . C^lj^l>-^S 

cX_il> 1 ^iaiAj J^*3 Jjli jL.~o A - 2ijy>- I Ao 1 cJL>- 

iSJ&AiSj jl ibJtJJ»* aS^>^Jo Asn^li 

j)fcXU^ jLmJ b ^Lux*£> {£jJ\ Jl 4f 

^,f 


'v5*y< jjJtijyJ 

aS«jo L*4j lj c^il^ IjOl I^j ajlw«a 5 Odi) 

j aS ^olr>- Ojlftl .Ca-oI>*SjA «A^i (SJ ,_pl O ^yO>-S 

^^icX^iA»OlSl®i ^ d*mi oil» L i » * .«.. ‘i . > 


1 • Subatomic energy 



j ja J 

(*ic ^t»Li<l |J ^«*«a I^j JJ <<Aa| 

Al^Ja (J>*1.3 C^LlS Jj aSjuJu-o^5 I J Al^Ii .Jci oJu^jl 

o*-»*»! oixi» 4jj>-l_4i) aS 

jiJ \Sjj I ft>Ai Ajjj | . 0—1 AJLA^j (SJj\ ^-o^iag- ^^Ua 
C^L^A^ il J\ c£«JlLSa» Jais A_S ^lajAa 1«JLL>I J t ©Ol£ ©«A^aIS 

o^--°-* j £l-*ol cWt 

iSj Otal A_o ^a I^jj^Jla A$ $y* c£-?b^c£<J lLa_ 5 ^«*» d^ - ** C*-**»! 

«).. v . m) U iOl t ^L . » < n<) i^VIauI _j aS 

fJV y.j j± aJUm 

LgiiAi aS ^uull 6 ^ !.> IjOl ol?*l I* 4 * ^~»-l aIajI «OlOo^ 

{jPy Lw J qLuL<uU a£L «Jl otnJLaJLj \ >Lm^-A> 

< OU-wLLi^ya I oU><*A aS k,g.l..T.j»eA £l_<^jl 

< C^Jj_il £jIaaA> Szy^y* ^JjL-a <^r~i < oJ^I pAj . Aj^AI^-LLw 

A» i_X_ Cj oiXo | _J 41mha5 Lo^2xa J J^3o4> ^JjL»a 

c5iU J (J^ 

^L» uJU- JiL a ja Cooa> A^jTii,_A^ J-? 

Ij {J°\^- oL»^l*-* b ^ 0 ^^“ c£jU.i UO^ 4 ? 

^I^kSAJ .^Sl^> I^^jI OU^L-^ \j°\y>- 

<0ulotA3^> U I ^ t^x> ^i<PAi I^a) 1 ^ ijllS^il ^S (j^**^ 

i O-***! e«A-Lu»jjp i_jL»*Aj AjIa Ov>-l jli l£^>A^wL>- 

«Aj Ol5->^-*ot tAil^L» aSommJ O^ j~t~ aS 

^l .JuS Lfl.jlil »Ju> Ai>-Lu» 01 J 0^5-^^*» ^>1 aSc^IoIaA» a£j | ^ 

^^-S^-Ai J Ool_jr*cJ Ij oJuj| ^aS (^moSA^iJ JuSaLw»^- o«AJLi 1 ^T>- 

01 *Slj < T *JUaA ASi^JtX^i^>-Ol 1 JLlS^d 

O^-^* -^.» < 3 ^ «A*lp- ijtprl Csiyj^-y**. °' Xa I J y** 

0 «-* 0 Ai I^jIjI aS (_0a9A^u*^^I C"*>^ 

J J^ ^ AI^kIS (V$5A> olj ^ijl AiJlj nAJ^JtL* «Ail^ 

.iA«.^j <AP>l^r»u «Jl JmJ^>- 






ij*3ir** Pyt 


JL Ji Lj^' 'O**} I fU^i 0 ^3i ->■> ^i^ 5 Ci~>^ 

A 4} I J^i.O^l CiXw jl^jjl^ rV6 

c£<Aajla4j Lw*_^A iAjIaC^ 0‘-“'ta ( ^S 1 »^o1 0^--> ^ 7 *{_?**_-) (_£*AJLaJL* 

*y (S J f k 

. «Aj^J ota Ol^*^ 


«jisU^SU <4 a^>- cA^~> Cj*^ j* <^? JyaZ 2>^)^A 

^>l_jl ^OiSg’ ^1 i ci^JLw 4Xj^>l «oaL*j 1 :«Xil> 4AJlS l j»uXi>- 

.^aSjloij&^^j ^ 4S4jj^5c)LeJb * <^< m > 1 oJl£i 4HLi>-LuO^>- _> L-^> <^l^s»tA 


1- Abdera 

2- Democritus 



I ■ ©< V.u»ll \^K <.m (^I^XA t£lf&A^b. 1 ?l ^unl ^MI> ^ll^l 

<—ibr** £L*>_}I _} JiSLita ©Jl£t AX>-b b* I jl c£.}b fb*>-l A*J&aS ij> 

A^li | L» UJI 0^^j£>-j\ aS Ai^SOb©£> <0 u yS^y b y -J^b*** 

C^l^>'l yil . Ai^-Lw obi^A*y£>yj l Q-»*«-».olj^ Ol'-^Uj' I ®jb-*»> 

'*-^$^Cxr° JbA *.-2 C—obc£y>ayUci Jyai (^li <X>- 1 yj yi-bl 

C^lojUiU» ... ^jo] f^Ai b b^O* 

ff . i c?y •>y>-t£bo jliAi IjO l Oly^yj labu* aS t 1 1** 1 I dU-^S 

y^ 1 * u;v U^y' •>>?--? y~b y^ <^y 

^J^C- j\ ^jiajAjJ <c*—ib^ya o.>b AiyU y>- | tX>- byb <0-^b 

£iyl yuA> cyi «yy .^u o^i* o-yy^u ob 

blyl J ob<y* Jr^ ^> 2 * ya oiAiabu* Ob^-^ aS b yb^tjibsn&A 
CU#>\y*S>Ai J i C->-by»^ua^La^ylui»! obi>_J 1 J^>by (Jl ^' 

C?ji5jL»i^ .*. io i ^S^i*> o^liji yLuls J^ul) i ^^9^>l 

>.I ^ 

ylj^o^b- (j^>* A&bjy Obj oi ->3 AS c^jfcl ji c~~*y*> 

^ ill .} fJU- J «y Aj -L>^iya fyl J^b»! Ai^©j jb^ ««—‘‘•“'b 

Ai yL^-Lu» j ^yT *.o-^ y^ ©jlo L*i y ai aS < 1 X 01^1 UyL* I 

obcS < y©l jld^».‘.<i r> o«Xm< AX^L<~£».>l_^f Loj ©iX*JLPAi . tX«X9,^y» ^jb-**» 
J©^L>-bl ASAi^S(jbfc « O*-»^ o<Xa | 0*-»*oAi ^b^l^y«tfbC' yil £..?"*■*"* 
cl^o jx (ryj I j o I J©^bj>li) j\ jb&> U ««Ailya c^^Ai flb-j ^ I 
y.l^os»^!^© y^bl ob->Oil y^>- <£2 oyy ^1 y 

olyJ c£_^Sb^-'“‘ <ryj I c^b»yb aS^^^ yajyuobsj- A^Ubli^ cu*b 

O y ...A t bAbii C^ji«AiL>- o b c^^-^b “^jb 

^ jX&m j$ JJ l5JbMi? o^*^J {$jS" 

bui; Jo^^i o^bsl 01 AiLidol Ol^^» ol aS Obj Obi 
t liSO^S ^yjiAUj- <0uo^b 0b*-^"b jI^wIa» J$*A ijybol^^l 
J o^La y^csseiAj (^ybU>^ C^b*!_; jl aS dj^llilyCjAi y» A^biili 

Ol^Lo^bbo 0j y fbj .JjjSlcUiA^y ^jOSCiAi bi°y 


ri 



zrjysr 


(S\^i^s\y^^y dfta 4 ® j«£> k.?jl 

oJl^APA^ c£&oU» . «AO^^a^-O J Oc-ill^eja 

J^j <j->JJ 1 '%"*M > <coL» Lilijc* ^l^il ^A*<Jj 

C—t*OA>^ C**—* k aS IjC^le^L* Aj^S^P» f (^ki-w i\l^y^j$y 

oSa-j^S^ olisl^ tjk| 
^P»4>J «Ju.*.«a T c3b-A>J <Ao ^>1^* y «Aj«AjLi»^>- 1 ^*^ 

^^i«xacOU * i y^\* s jiy J1j«Xo1>xa^OIi ^jAy 

t3Lflj 1 ^»aS Ip>jIT j$y «ouj^l 0-^3A> 1^ 

.Ou, 1>oJ Ij <AjiA^>* 

o^L* jl#>" aaJj <£^ojL&D jl^>- cf 1>*A> | J A 

j\&Z^jAy < Jo^> o^\i u ^' t _ s - % Jy*£* (S oJb-A* aS I j ^j £-j i 

aSaJjl£»1.> ^U 0^>’ *1 J «iWj i^5^5^ ®^>* ol OJ^-C- ol* 

t ~* " J ^ t J y*A^> (_j*^ ■ ' ■■■ 1 * ijr-*) 

c£l^$^*»^S \& Oy^^y • *Aj l C—iA> aI^*^>Lo p^yjj oIj^j! j\ 

< JUbLoOa*oA» ^i> ^j1^\m>CJCj\ o ^p-Yl> Y^5 Lu©YS 

(^l^lCsoUJ! 31 cSjL^i j* ^-53 ,y\ f&jJi» oJ* ^>\y\ j* <SfS 

3_p-^J3 Ay»j\(SA?~>y WL>5 jli >^1 aS cilj c \y-> fSj%\^S 

jry*\~ > \^'\ ^9 aS V^w^* O j ^ ®A^> c£^ aoLLc- l 

' J*A a£* e^l« ^ (i^^^umi jjf Vv-.> i_- - ^ -■ 4i9j 

jr 0 ^' j\ c£.>>a=*a ^y AiAp-aj \j $y>~ l?U* <i*Ji9^ (S ^S L^S 

O^^a*»* A - 1 aa-» P> ^yla*i»^ 0^^ Q1 ^SL^»a S A^e«J^ Oj^ 

^AoljLp 3 }< -^-^ o^-*^ f<A£ ^P>iA>sf& C^l^j 

^Ji . ^lli J^l 

w ri t H^ ( _r i!:c * ry^ aS 4j^SoU* Ij 

j Aj^s^Ai ^SL» 3> (jl^*c 0L-* y^ y >d*«>«> 

^A o<XoLi Uj 3 (^1^ ^i_ri a_53Uj>- J j <t >^> A %j +a 

jjsyy a>-^» <lS 3^>u1 jsy o<x^/j $ jp- ji—^«^> c5 4^o4i a* 

. «Aisl ol JA> c^> 


rr 



J jji) I 


J t ft. lflA ^ » *■ 

^ ^ 4 S 0>^1) *JLil> i>As»o* 1 $a^j 1 i-Alricj* | ^51 

i iaj5»1> *ou» 1 01 0^5 L> ^5 oO* S ^j^?1 

L5iW^ J£a> z\j* ^1 1 y^L*j} *S 

JZ 30 ^ aS 1 • “* ^_) | _?1 (jLwS^li^l 1^*) Jj<■*«> 

• C —^5 OO^j Ql^.^S ©IjJ ijli 0 _}Uj ALIS J J6** 1^1 
O^jj^j f^l «5^ jlol J^£3^* }k-* 

Ai^wuSl^j | L JlwmSI^i (J ^$CS A^3u 1 1 j i oOud v^S^a lJ v ^ ,,mi * ^ ^ 

j\ - «iJjli.^» AlS O-wl ^1^1» i^i^JlitA ejljul 0 l aS_ 

^ !«» *> ■ (^>1 j^^l^Ajii I Q> V|M> Al?*Lu» (j 1 ^^)1 
< (Jj « mS l ^^j| ^^tLad 

^X^L»» v^J^) (_) 1 J iAmhSI t_«*.w» aS Q«mi1 C*^> 

L»^w O 1 ^» 4 a^s*joL> . S^-2»^-* ^1 | ,>ij^«* 

“i •* ***^_ ^-*^' Oj 1 i»m^1 ^^>1 O) y o l (J^^I^aOj U^a 1»*i34ij 

.(*JIoli ( Y ) <J£liji IjOI 1^ ^ 



r J 5 C 1 




Ojt—Sb ^To^Tc-o *»3 ^J^-Sl v_j 1 Ajjr>J 

1->V£^0 "4 Jr^ C ^ A ^ ^l ^SCj i l£l^ 

W J 1 <<Xs£o j^O 1 

L fUjl <*J^>“_jil> lH» ) o^*j J>*j1j 

t5 C>-^Siacl» IjJ^SG^a» ^s*j2> <(^>llcul 

^JL* .U-Lfr^^ Ol^j *<XS.ol.a jl ^5 J-*jOl C—0 <0^ Js aS 

-31^^ *Sl j 03j>^h 4j j^>J JUiib 


rr 




^U- frjyr 


H x 0 x -*H x CH-0 

_jl5 O^kb-i cfl ^j* aS 0-“>l <^}'-0.fc4j 

OtWvey 4 * •y* 5 jyL~>j sjSc&j J^3I cslyj jfc' 4 * COx 

AgNO r ♦ GuSOf • C x H*OH 

^7>Ujo 4_S C—1 01 f J y» _5 f^_jl «y^r-S 

f jV O^L- csly ^ v/ 49 ^ 

O^J* J <dLwl» 0^> i l» ^JsLllja L?1 ^-»^j| OO.jt c^~‘>^j* *JoU 

3J* O^J ^ 1 y '■^ ■>>>" <a ^ty \j J** Oi^ <►* 

jL^J|0i*i»5»ej 0 y 1 ^iaj . Ji jA j^oOj J ^5CaJ 

• o-A o ^S 4 ^j5 o y jUj 

£ ,^*aI»j^>* aS ^iS ;j^I jlO^Jta (JV<jjLu>\ 

ajij>-LwcSI>- iZ^* cj> 1^«,y| _>l .U^ ^fL^>l 4^fc 1.7.,o., qs>~3 c—1 j* 

oAS^.a ^jZS>-\**> C^l 1 J I — y> \ ^j| ti—it>l^e> (_f***^ ^51 .«jJLil» Oi\Jtj 

L 4~»L J2> L lAj> fI j| ^I^iU t 7>jls" Aj 

<txiSjl^ f y Ia^V» 

tri € ^ f b ^3 jj ^UidL Oly^»j y^A-,L> ^ 1 

flj4> 3y>- 'j-*-* y^*!* 'j$~> J* 1 A ♦ A JU»*j <£j | jl 

r yU y>-3 otajli^jl \j ^cc^g> Ly&xM* vO»a> oU>JIm>3) 
.ciy o^U ( JUi^jJab jl^I— io^JLs» ol>*^4> 

i_Ahj>la ^->l^_C 0^—° A^S ^gJ l-.,o ..w oVUj^I 

AmjIaaU 1 J 'j*&\jLc O I ^ ^ O j J aSiJu JT ^mj ly < .5 jy*o 

cy^ cr^y ^ 03 j «aJiS ^Lo5CjA> 

I Aj A^J 1 (_/*0 I A~» ^— \s- aS Sf* 

o U 1^51 j <iUj^s jfclc- aS^^> f <u H 1 (_r^i ^ y * ** *^ 

• 01 


1* John Dalton 

2 . New System of Chemical Philosophy 



'Cij jsr J? j> kjOi 

b^M^l ®^b oU^>-U- ^^3^* Aj^iai ®b jl UI 

A^sr-tp o L* j\skij ( a_j L*j ou*L>- oib-A-u» ob® aS 

AjISa^ dlj0*^3»Ji 03 U^ft>AS 

Oy>- J ‘ ‘'H 1 u?*-*-* c^lcs 1 ^ -,A i b.3 

IiXj b l^d^L_> 1 I>j (J^w JuSJ^aJ ^jS^” ejtdti|4) Ji 

. o^lo^l^>~ aj >-1 a^j ob* «o^b^l . cu S^» 

Ob^ cA^i ^b °>^C 5 ^ £ib cJl^Aj (te: clS(‘^lj(^cX^l4> ( ^>U3>- 
ojl^> i^- (l ^o .<aj ,1 ^ ^ i£j\S cJL><^ <*jb 
aS ob>- <*b- 

^«>fb*>-lA> f aSo-3^0 ^- 0 i^$A> bb b^5 

^^0\ o^iUili ->y>-Oib <tX Ajr* b bM j 

3 • lAllj-LLi^y* t£ Jr^ 2 ^- Ol^C’^b I aS.}^ 

U Ij ^ 5 *** I A^iaS 0 _^>\? f^S (_r^b ^^ji-V^IjA» b 

.yp-^l *^b ^bl^- j-i 01 ^/53>- 

O I <- V .i3^> ^ . mii f *{_)(X^^Slj^>JLt 4j^^^4S 3^ 

^lo Ojb>- <s\jn£' J Z4>j~J6 ( Jj£Sy> Aj^L 

(j ! Ojbj bJo a53j iO--j ^b»! Jb-z^^Jt» c£^s>ca f^5 (V ^>4 j^ iaj Oi^ 

j& ^0 . o—l O lobi cS oJb- a* A^^b >^ (v-*^>-l-> 

^ ci"^ cJU-^jUu oj?>> va cS^Ujv*^ 

0^>”.»4*0^0 ^^3) 4> j+Jbjf”fy *£► 0f cS ^J>f 4^ 

aS^^^S p ~+>- ‘(^‘•^ 3 b 

^juX*SaS.> ^jZJZ.kA iJo- 

<-£3^1 jl c£jb £*.5 <«XUS^fc l<-^ C^Laj OS^S^y* c£j>- 
^jOuSa^ 3_> Aii j jj* CsS b> | Ajlj 

A-iJ^ Ali j A^ij <_?l$i^50^» oS^>^ 


1* the Kinetic theory of heat 



£Jjar 


^^5^--» aS 0-1 fl^Jjb Oil JJ> S O^S^ 
• c£^£jJ>A> ^SGjl (fOjl y>- du^b (£d^b 

b^^S a> lm»J Jy*u J_Jb Ot^ 

} <dOL A^h yu?b £■»**•{, C>j\j> *£l> aS 

*Aii-oC-S ^blT c^iUfL^>-l f L; ojl __/>■ a>-j^ (j 1 _;:> 

A>e-JLijj> O b^P> ScXljb ^J>" obS^^ol J>- -3^i» 

} O^1_^>"A> tX**»J>-^» ^^jiA^jAj ob3c)l (jb* A»SL>. S^9 

• *Aj | J i ‘A-*L>- 


Ail^J^SG^* A Z£j AI9J OJJ VL> Ojl^>* A^-Ji aS ^ojOoA» 

a o W- b* jCi aS c51aL>^« oS,>>- 

«?1aS ^y+aZ-j* I| tXjl^j^©J obS Ob* 

1^j}^SG_^&aS AjSb- oj$ uJuUm 

^y>" ,^b 0-*»-j «X»b>* Jb"A» ^JsLi$. p*~z>- -OuoJuSl^_j «AJLi S jl^9 
£jbolb- ^J^S^yfcAS O—“A^S^a 3 a fl > - b^_^" ,>_3«-X»cA 

J J s “i Ojl^>- A_j>-JJ> 0>>* .0—1 OJS |ju> 

Ao.S>Aj_J ^^j»aX1»j1aS fcXlft>b>* oS«Of-A> Ob^ - 

jl5> Jo-* jISa» ^jUaS o—l Otb.? ob?- 

j| ^Jajo A^Jj! ob o,ji^-» b l£^I^> c^L>-aS O—lO 1 jb—i^>- b*b 
i3ba"Jb Ajil>- (^j^^jaS o-lu I <oJ^—^ptoU o^3 fL^>l 

.^jb ojIa? fL>-ll> l^j 1 c£1^]^£3_^a ol^* 


cSJ> vSjyf 

a>j i c^i^> 

by^D>* oS^ a;l^ o-p* 

i^Ol J/»UaS ^ AzJik ^ ©b^bi ^3^ O y 3bl^ f 15 

. 3jb ^ybl ^ 0^*1 A>- ^1 oI^Li ^ IaS O—jb^^o-i 

A_S O^AjJ Ojf* ^fl»LS (jrlf&AO J*s>y> O—^ b 


1- Robert Brown 



'X r £»jjp>' j ftAj 


jJl^Sli < a^»o^^S dl^j <J^jL£~*j 6ix2i 

^ tfZL^ij^JZL ^a jj J *»j | tilrj-j^S o^a9j$ jl*A (jJ'L^SLfc A$09 l> JA 

I^SIa^jIaS c^J^lajAi (jL^ .«AjIo jS lo^ t£^-XjlcJl!Ci oJL>- 

J Ctf) 4» ^c. cS^s>-^ OiLa-i jliAj l>- 

Aj^-o-kJ^A «AjvA^^^^A | 

A5 A^oi^^A CA-*^ • (t* (J^w^) «AJcAi^yOJ JJA A U J A^>- 



r 

. Aj^^A6tA»A \^>*f £-.* ^j^JAaS AJ^SO^aA 0»S 


_;Ua9 dJj <Ja-Ia JA 4 ^ «AJoIa ^_j 1 o Jia9 < _|>-1a (*L©J 

i i i^wt flA^S !<A-«j ^Awii 
ICJIritAj £6-A J A_J3 A^>" eLSol 


rv 






J U- 4> Aja 4_S (J? a j>- %S$ j* aj^*ja ^^Ia cJ^>y>- O ^3 A <]yl 

1 JA aSjAa j5>~ oAa o J b j a 

a jf>- jA^ oAa ja j^laUjU ^AaJ oiA-4j4$ 

.(O-**I ©J^Am» ^JiljS A^JA ^y>-yA 

<o^"A Ij $$>- AAiSl ^.i>- 1 A Y A JAja 0,^1 j) 

U^ LjJ^AJ .lAJLS IjUJ ^>C^KJ^> C-J^ 01 ti>l^—4 C*W l^—T^yoi J 

^j-A^© A^^*" «oljA4$ O^llj 1 jl^> <Aa»> t04Ls 0Al f_y** 

4 1 JA A_S >• (JaJL*lj OAA^ <0>J JA f 1 «-Aa 

JpUA jl ((^jl^i aoAa® . Ju^5^ jlJ> oolo^^S A-j cA^> 

^sjAla f A^-A^y yA ^y* - <jA* ©1 j4j>-.Sja o*"J^ oUsI 

A^kdUjl ‘OjjA jljri^^-4^ A_P" ^^>-1» AAil ^Ij^J ^«AJJJAaS 

U f aAj lr o^j j a cLol_^r^A 4_S O-**' 1 c^UjI^jIaj A> I 

«JjjIa ^Sjy* ©jAil 01 <0_>i© jA ‘‘■Vaj 1 ja oS^y>Aj 

cJ^>\j ’>-ja 4H*JUa-«>l» . jo_^c- 4 jj ^ 3 ^*° o-**»! ^^A-^aS 

Ja-^* (J^A^^SG ^ jA^ oSJ> L^Jjr-il <*yljj^ Ay>- olJA ^1 

aS «.v» c^3^.a Aa> AAA* ^Al Ayly . ^-lS AaaXw^ A A* 1 ^y 

iiAllS^A 0$y>- jjii (jj^4<iSf) 'j»*?"* olJA jL*0-o a!<AjojI ^JL>^L>cAJA 

f (A*L£)U aiGa c^c\i>A <-£j yl I7 ~>yz-a L> \#\ a^£* 

<xLcS oS y>- JJ. S ^ 11^1 ji oljS _j ^TiAlJ oAi> a_S ^ 1^0 U 

0AXj At^JcSh l_^i | {£$ Jp Ji ^5 ^^v>- *_> _^A>1 >• 4^1j 1 ll 

* ( ^J>- (SJ ^yl (*Ua> 4^0-*»! o«AjA 

1 ^>*1 jl^c^Aiil ji ''iSjjH c5^Aj4> p ** »# 0^ ^>1 ^1 

O^ ^_y> 5 Olo oA.5 O*^ _^1 oAa O A* f a Au i <_a 0 A sdAi 

t^^AjAj ^4 1 4-0^» ijAft __pl Oljli JA A iA—cajlS ol 

JA^fA ‘O— 1 A^>- jAj U ^Aja 4^- ^51 ^yjl^ ol jA Oj-i cOo. 

(O***! o^?- (jy^Ab4>j f«A-*^^-* o^L>- jA* . ; Amj A 


JA 

«<J 


1. Kinetic energy 
2- equipartition la w of energy 



^ O*” ^ ^ 

tjjbl $>■ ^t»aiS ^L.t*. > oSl^j 1 

c? i ^*5oj|iX)l t^l^i jjijSi jLmj ^I 

A>-J3 J3 c*-»l 6i^_S Ooli cS'_^A«jl^SClL^-J (JLff" *lgj I 

L^i | (j£- ls^^ Y *) <31*1 cjj\j^>- 

.c-J *fj\ (?jTX 1 ♦“^LJ ♦ .>♦♦♦<♦♦♦..<• ?r 

y> ySy>- (SJ ^1 t<£j ^1 <_£jLj4* 

. o~w! ojljkil Ojl J» V>-J± Oi^ 

:>lojl0b*4S «Afto^boM &*=** 

.^3L» jl^b* b Ojl^ ^y>3y> cSjP- 

olj3 0 1 cS^ < f^5 0*-U> i Olj^ ^job* ob3 aS b 

c£ J^j| aS C^wiO I ^b ^J<Xo _J ^j_>|iASL>- 4I5J415J 

() C ) t Ji5Cliji . C—'b J51^9 I jl I iA^>-(_£ b-) _^50 



f j5Ci 

l*A-j ojl^ 4^-0 JJ-ol> t£J^ 

• ^J^-W^-<Ocj lW> —)^ V 


1* Jean Perrin 









Ob-f* *5 ) \j 4lj^5 ojJjul —»1 u^-* J?Uj j\ 

j> .^lol^ oLsj o j\j^>- (c^ L^i^sCJ y* tilrdlr (Sj yl 

3 ^j^-*** ^Jajuji 0^> 1^5>o c£^^So^\«Ail li5 O***'^’^ ol SJ}* 

■ il^ "^ 1 ^.1 ftmit { -< )1«0'^ ^’yi 1 j) (^m<(1^Ji\*J^aI (J 1 < l < l^^ 

0^-*j^ 45 ^L>lxi A*# ^ t (»<-*-£ ( _ r i> > Lw ) * ♦ * b oL-*_^* 

Cj>\ <*y^ J cr* * -dj* i y t ^A2^A b>- (£}jj> C— I 

A]aAjO^-3j (**&& J^J y 3 L J J ^l»j|jj^ y> oW"-^^ 'J* l^Jap- 

• ^ ^ b ( f) yyr 

i <AlS IlJLj^IoCL»! <il>-^S v-iOy?" •i*^* 

^r>- (£jy ^AaS «rvr 6 AioAj^ilj^jasl 

Cj^-js jz c^stCk^ **3 ojj^y» oL*jl^ ^.^y* 

— fVT* ^>~JS .^i «A*\^>* (J^AaaI— i i>J 3' .r-*'* ,y->ly^ 

C—^ OU* 45 lj> Cjj\^/>- ^jS ^^LL-jIj 

t^^*-^45 C**-\4iiflj tdLlS^jA 




1 


O^A C^C ^ori ^ Oj(bU f 

aSojo^ b.ylily (y^y 45 Ualj\ 

^>- <_£jyi 

0i'3b < ^ * «<5y^)l «>!*>■ i oT 4 Lw^a5 5*^—* l5U^p15 

C~“04j I J J f y?* C—**>^ ( v^ h l_^>' ^iLm» 1 4—I y ^iSo J>liAjl_5,i 

£?y*Xfy>- \jY= J&J* (£jj\*S 0y>-) <*dJ_?T 

Jlc- jL—» y^lj ^Oy-*y>jf fli4j yldl di>yi .(c~wl 

O-jb^yOy-£> .C-^oyji C~04i IgJ jQyk\Z*£-jr~> <S ^5oC^l^> 

JtJu-*5^A ^£j«a£1j 4* Lili U*»jl5j,> 

4» <^JLutt\ 0*^>- ^lalalj 0-?^<^4»^ 4JL«i^Li t^i | O^ 


1* Kelvins temperature scale 
2 • Otto Stern 




<3 Jfli 

0,jA-£» ©l^L*0(_J^li 

4la**l_jA* *S ^>- Asjuijj.i O^JA tif 2 ? • *AiTj3 jls*»C<Jl»-4j 

^Jio <u>^i allS^itUi U^5 
01 ^»1• - 5 >-"'^5-* 6»A*^iU ^rjlp-Ai C— UlUl^J ij\y^J^S 

l^j j Aj ^ O^ 6 ** 1 ^j* C)^C ^ O**^ AsxJL*0 _J,5 






j\ C«Sl5LUl Jy>tA yZ3 }a£)\ 

-^C-^4» 4am>A^0 W**> y&J*) ?rj\^- t 'c} J y* 

.JCSS'js cS j> $y>> { J*el C-Cj-*b jtO^el 4 aP4T 0)T 

i^ifr^»nX<jl^L>4S l^IO I o ll^—I ^ J j 

. Ju ejlojl «OJUS^A 0*S>A^1> obl^*A> AJLw^^ 3 I J^aS b 

ln>^g^jl ^^iwoj.5 aS -5^ o^lilLwl t5'|4ij^L»jl O ja**> j^JoJLa ,1 c£l^ 

X>bjl^9 Otab>- cIIjJ^aS ^tabob-A#* - ^ -?-> (*JaJo (^1 

jl jl ,^«.-* o^^ta 0y>-^> c**\ u\^>-j J^Aj 

jl—»_^1 (_£l*b t^**< aS ®1 J 0~io5 tabel 

• C—*>1 (_|j i> A» u) w< ^-2» e\£l^Ojl£” o!J> . 3^j iAib|^i- 

J^>cAiitatJjbAjbj.i Al^O elj ^~»J2> 

cy^ t -^i I ^ aS c^l ub>- l$j I JLa>\ jJ^3 * c—l 

V^^chW-? °>^5* C^rt J 3 ^ 

.olS Jyy- b 3 I jl ojiy^i ^1^53^-* Aib '^*-^- 3 Olb^^>- 
^I^^aS ^jOa aS lA^urta ©,Aajl O l Jj&t* Ol Z^jm* ^5i 

^gj<X ,—a Z*~>J5 01 C^ta*.<g> ut>ai o,Aajl A» AjioJ^iita 

Cjjy*& 01 jr> < dJjtS^y» \j cy>~ Ol—^-* i aL«»U L^^J^aS ia^U 
^ uLa jl ai r ,... a » o^^^1 c^IjIaaS l^]^53 ja^Uj 

c«j b 3 I (J>1 a»a*» lSjj^s aj|^l*j1 z*j*\j aliS^A Jyy 

tS\j> aS \qp>-j>; L>b>> Z^jf» A^-'ta^U C) jZ& ^Iaj O^-^A 

aA SL*u/2> (JI^Oa Z*&^y*> C* m J 1^» < «JIo-m/ 1^^^/ y^£X*A ■Jj+£' 
1 j 6* ♦ ojlA >*J$ J} y* C^l^-A^jl c-c^» OjX) e^lail |j 

,^^^a<a ^1. ^ ^ 3 ^ ta ^ ^ «a« ota 1 ♦♦!♦♦♦ ^ta«A ^uw 

Ij (jJjj^ 3 jjol^i o^aS c~o aj (c^L» 

t'jA X 1 (^ul-> iiUs»l jIxl» z>J\j>- a 

. <Aa | OA>1^>-iJ^w^Aj <L»_ita 

^i>ta>*A> (r ^ AtaA-?) w)j) Aj^>J ta O^lSl Uy? 

A^-j^^bi obi fUi tSl^ ojl j>-j\ i ^A>- i jSjy>~iSjJ >I aS 
aS elj ji ] Ol^ 3 ,^-* ^jitav 1 Aa 0-^1 &S jl f' jV X t ♦ ^ Ojl^r»* 

fr 




3~yujJ tLf* jS> J I lAJ 

f j* 33*** X s ->y = iS3j\ 

3 W*yt f^>* .f jT X 1 ♦ _T ' f l? C**-t y ly OjJJwtJ pyl 

J 3^3*0333 ^yi ^y^jy Jy3^* 

u_^> I (Jy3^-a^La . 03^5 <A» | Lv^_w c£l^j£>l_> jIaSI^ | 

dL C) 3 3 C)j2>-3 |C-1 <3J333y f y 4 jS ^y* 1 A 

v l ^lilw dL ^1 4-5 o^l dlj o | 

o i JyC]^ db ^Ja5 l^aLo 3 $ jl A <_> 1 Jy3^* t - X 1 ♦ ^ 

y <y j* N o* ^*ly- ,y*yL r x 1 ♦ ~ A u 
(^y> * 151 Oui ®^Li(l t^l 4» Vl>j^ 4$ <J_yU 3^3 ^yl y>^3 C333 

^3^-3^) 1 dU-^S o^a$3$ yX& 4 S ^jd*A»y»l>-4» «A>U 

C^L JA J2 5^-* 4$ ^ I C^l^o^ia9 Oi\£i d-*ail> C—>1 c£jd» LjC-^l 

ojd ^y- 

t J 3-*TL £j j>J <j*jj i jUT 

iL)J ojLt-w ^1 45(^4$ ^t^^5 ®jL*»l 

I i y^i 4SJUIaJLa od^dn «Jl^U ©Jl£» ^SliS ^Ja-La il jy^iA odS 
c*3d- OIja 4 StXlS^* IjyJ L>- (S3>33 4» «oao^y* £joljS 

Clfjdlj» CjJyto 4> oOi f di Od»J^ d*j 3^j* Jji&A* dl^L*»».i (S3 yl 
O di 45c— lo I d .i 3*a. Za (f Ja^y-A jy?4j D 0-?d Cr -^l • 1 ■‘■ 1 ' fiJLui A-miJL) 
4j^SuL* 4r>- C***? t^jUT i?Wjl 4^ ^y\ 4S 


4iar»eJ^i ^£> Uo^jp"fUaiii f«AP- 4a*-JLjJ.i ^odj^* 4$ 

0^«A» Loyi y5jJ lj ( cXwL 4S-2>d aI>J »jl«Ajl0£-^u> C"*ilyd 

yddt^° 4^3y d oy C*^p- 

t yly ^d> 3 f o-w»i < yj b ls , lj <Jd-jA 3 


1^3*33^ oJlS » tjL»> J 3*^3* 4 $ o^ljul « ) 

(jdl^-d ojl_> 3$ C^jd A—J^ai {3i^~ I i4_>- Ajd ^ 

.(^y oJuJb 1 f J^Cd) C<—I ^ ■ ■ .L LU *f^Jl 

Maxwell • r 





Aias>Jji ^__SI «-^>1^' t^J^i £+~>\ Sy^y* 4£-y*2*A ol J> £ 

2 y>-y* J* ^JA aS 1 j c^jlSt^l^JyG M 1 C*£-^*» A*j ^»>*<iAj 

jl~~io! jS <s5 yl A>ySl 4Sc^U otajlo-**'! 

js < O-0 Ja^>J C^Jyl ©jl<Aj\A» lilo^ 

-L.jj7 A O^?liAjl^l jL-> m) ll ^1 « tjl Ji 0W 

. o^Jjta 

a T — 1 7>Ji A .*.. -i^{h l ^SO"l QiX»>«> f^Lu* Oy** o\£l~o c Sjj j\ 

\ . AJ_iS y>” -L*—J do-jl ^jiAjlSU o!_>5 i _y*y l^Ay3_^* 

Oj^aS c—1 o>A— oOil (J^-*** O 1 l> A>^>d a |j jl <_A \a A 

Al—3 a! < WJk.> 1J jl^4—j 1 JlO C^l—C*5^>- C^-^*> 

OO^-ljWi ,*S a 5CL (^i j\ 3jdS^ 1 (jL^il aS^ y j$3y 

^_j I jl £j_)y& ^5»oJcXj ^J^iAj yL*>A» lM—jJ Ij Ol 

JlIj>- ^uJLS 1 ol J 0^-A A_S «Aj 1 »^A> ^£>0 

(Ojy J^A* ljA Ojli A—<0^5» jj> O_jLaA^» c£l<$J Jy^ ^ J>53_^ 

1^-uaS^U aS>-^A» <£}jj\ A£il tXLo^j|^ Ij (SJ y i 

0J> l£ ^Ua> aSc— i ota y^Uj tSU^l-» <Jy*->y* 1» t£jl*| A—L>- 

* »«A-»b J>-TU q jj» 

>y»^ (f') 01 jUj/J aS aJy i_A\>i^ 

< C^»\ Ot'A" <J->L-$ cA->S ti /*jjy ac-j^oj>*a ^—& a> j ijl.> C~%> 

A_S ^ISjll-M» A\j Jl^iU »0di_J (SysrtJi J15 (Jjlgj^SO y 

J y ,*yJ 1 A_S Aii > 1 ^1 A A* »■ i j Ij jLh^^S 

fU^i ^yi o^jSaUia» aS 

• ‘Al5 ( ^* c£jl» o^,y j jL— aOj!^>- oW*JAj3 

?jU2-J^ kSj^ucC>1j3 U5fj L^jo yl b 7 

y u*^ o\y^ j wi aS ^Uj jl 

L»j 1 1 <^^SIjuj *ix- o j» ^lw 

L. OJi-Sll» O-^j-^A-j aS .ouLjI^^» ol*i>t^ 

xy\y>- t^r^y Jr\y\_s^ Ur, ^ > 0>*^S 


ff 



liTJ !uj 


l^>* ■ c ~»l A>c«j I i^ozjla fLj>l 1 1 {j^^" aS 0—>l 01 

4jl»*>1(a 5 ^l < ^>' ^tL» O^j* 

J * «>, _J J l^i-j <_. <* W ^lxu/J ^ y «~* f~t^) j A> 

f^O>- aS c*^>“ 01 Ai 

O*»*>1 f jj* d*-*il p$Cs**j a_J lZ^o>c-w | • <■—** > , ^Oc A ^ * cT** - *-^ 

tSLoiil c£ aSo^>- 01 a» ^jL» cJb- o^l>>"->^ 

. c~*l tjr^T ^1>* Oi^ _^j 1 



9 JCa 

ojl > _^>“ A>»ji $* SaS J^-»SL* 

SjujIaj (JUj^fcA.^ N • ol-^j LJiLc*y»c£lgj> Jj\ 

.tS —so^» OLi^ \j <£J ^1 Ji E J £**>\ 1^1 yO^-* 


O^Slj^S 1^^ AS oly^ UT <J-5 

^*j»a 5 Oi^> ^iJuli-iLsi» A£*jOj1 aS J:» ^iOl A> C?J 1 ‘'A»jb t—illais* 




*i>Q If jr jj>- 

fyl aS J ^-3 o 1 c^-*^ j3*i \j 

i . .> \jO\ . &<Aai/ J 

As^JLi lj<—all^jcja ^ollc- *—3^ll^-l ^iS^a 

^ <^.*5 jr*> ©l£l*0 1 Uilj ^51 l^j \ OU^5>"Lo 

S owLi A£^>*L«t 4$ 01t_j**> C?l®<-Jur>e««.J 

03 Ijl/A oiAlssc* ^^S<£ ^iCiO^-Jlif > \j U 1 

ol^>- $iA> j \^ 4jJUaA ^ j^ja 4jlS\jl>- 0 tHj^£> J ^ J} | 

} ^l5vll 1 (S Ip>,3^-oJ 4* \j$j>- A£>~2 —J C—w=»*J U 

. i^jiaAj* Oj s< ^^3^ t3~*3* ij* o*. olji 4v*>L>AL 

^ vT 

4_S <JU*A jl i5^> JUjCL^I 2) J y* 

il«A_jo cr^^t 4 ‘^CSi^i- > ^ 5 *' C?***-)* O-^S^ ulj\ lgj«x» 

J.? t O^a» aS^Is I uLw»Ji t^xsJScjj^> 

4>L»£0 aS \^aM! \ ^AS dA .«Ailo^S L^> t>5 tt s ? p ^ 

d>\ Aji^Lwi ^3 ^jJ tjAj- 1 » -to .? ‘ jrj£ AjJa5 IjO | 

| aI—^a ^»1 • .S^li C^A>- l - li * >t ^ 35 <*S*^ ^ («SIaLwO 4$ i3«n»\ 

o5^>(S ^~w i Ij uJ>oJi ^5j> \ aS 0LL>-_J *Jlw o$jy>- 

.( Vj5Ci ) cJ[ 

v_i .^tOo OA ^>- tiU >Ju3C?\^> c3^U,^! aSiA^J^jo ^iaiAi 

i—§ j<-X^ (^> ^£- O^ j^>JJ i J t—31 C?^i (JtoJj>-l A> . C^IaUJ^a A> 
_j Ift^fl^A» ^i? (,j| c^I^ c£1ajI*ws1 ^1 ^*j 

t^l^jl^U (S t j^aj t^U>Ai^-Lj 
a— i _^-©j asCjIJU* 

oA^s*“< (-\jlS 1<ju> ^VA»! ui j! OwoL*>I^ <_i^LS ^iLAbol ytjjif 

- 1 “ j ***^A*r -j| bfctXLAl*>^Aj^)^A^iL> {^j 1 (^1 


1 . electrolysis 

2 • Dottore Galvani 




<if* j» j 



V 

■trt" L^-> C o’j' 


V ^" 1 Jl ? 

JUlil c^l j* 0^ ^ J J aL^*^ aS^IjOUa 

<% —«» J JJ ji L? i J ol,^ 9 ^JL«« aL^w J Ol 4 * J Alj 

JaoU» o^l^5»- OX>jl O-OAitffl^ 
0“^<> #-, *->' 5 oljti -03jSjl jri olii-1 X>>* J^J N e^bU 
0^w_> ^j* ^ijiwji aSc£^1s jlouL* 0^* 'kbjjl 

iJ^h»^ ^liiAA ^S Oo_w _) ^s^lIj^JiIaj iCau>I o^lssl aS (jJ j 1 jldi*li 


1- M- Faraday 






£jyr 


2> ^b*^ obS jj> I^jIjIaS ^J>j5 l» o^5lj^S ^»Uc- 
^i*j* ^Oj>- ^SCJ^a J ^y»^)! A>^laj bbbl t^Jlb* . ^jb <w-*-wLo 
s y^ U >^ < J4) 4f A_S O^JO^y* 

0_y uij )dl* • bl&b^A ^(Ui( jlUAOjI l^fOt^b ±Jjt A 0 

bo~* jli dU b 1 » OJ^>v c ( *->b u^ ^ t/*yt 

«—i&lJiA ^yd» jL» 03 **“ "^ ! a_S ^y j 5 ** ««dS^y* <w j " ~'*^ > ~ 

. «AlS^y* (J-*£>- Od-* jl* ^j» 

dL <ob a>>> oli!** *^>\y» fjb* Oi^» 
jU^j! Ji^Lbo^ O—Ijj^b* . ijb ji* ->l»04^» 15*^1 
b^i? .^aS (3^-J jS jIjJL* (». , ...< ?> * b jl ^jS^b A> b C£ 

^y-bjaJ ea£t^i Ar^iS^^ 

iL>| i» bc £ s j*^ Lk £' j>li jldt» ^1 O,^ o^l ©«a— 

^yL^s^b» .<Aj I ^y* O—AAa •jl<Jui (J 9jliulvft 

O^-bb^^b AJJy* J&4* 3^ »Vdb ,^->-|i-Vjl .^Ait^l ^jaS 

.alS^ J^> A*sti b jl» Ot-^bl 


^ jb o*# ^yt 

^yjl^ C-S^^r-^ J oU U3^i ,^^-»'1 aS ^-jOo jA 31 ^L^i 

«y A* obi js oSy>- Ab— ja» Ol^_^* bW^^* 

aS db-^S Qo b^..> obi AjJlb* l* . £^5> ©<-X£>Lo* ^JL>* i> 

jl) (JA^> 4JLu»^w)lj i iX>y£j y)lo* •—di>- C?l>_Jjl 0—1 ^5vb* 

^b <j^ »JUsIa» obi Crt) °^. b^/^ 
.iLiili ^jJuibil l> l^j | (J<Aj^ aS iXi.miI) 

n oKaLw« . f CJjilj MM Jb j^oL Api a* jjj dU jy 
dl)Ai AS ^©l^j ^jSCju/J 03^ L» ySb_i ©l$OL>b ib-»l 
. o—b J©bol b*-—j 1 *a1^3_j bAjl^Lwl jl oju ^ j t&y* 9 ** 
^U; Ji)cA dl)^^ 1^ J} ^£^5 ©^ia5 


1 . Robert A- Milllkan 




\£Tj* J 


3^i 0u3 Di'-^^j* ^^j* *<Alj.L*j A S i Jiy£L*£' C^U^Ij 
o^lo^sL^ ^jjj>AS 

b* I L***?*} s^L?* y bb* I a**j o^b 

D 1 Dl-<jSlj . Ou-W J^gA s< >lajAj A^jl C?^_aI Oy*+& Dj<3> 

3^» O^j—S *^L> cS 'j>^i C^IaJo^J c^l aS ^ia> 3 J y* <^l>' ^S ®^U$ 

dk_33 OljUA jl ^fUlf' tVil^l» A^jljl ( _^i*> ‘ ^ N< jSc*S > _^* ^ 

} 3^S b-Ail^ I J obw^?j A£*-3 O* 5 -j^Aj O&AiIaA OJ-> D.?j£J 

j3 j\ Oj£~> cJL-^aj b o ^Ja5 Dl oL>^3 

oJul y >-b A^j I ^ « Q.*.frj ©1>*I*_}3 ® sOiSfl^-^ ^1 

,j~jJ O* 1 3 C*S^>- aS jL>J • 3^>- A>-^lS^ J3 3jp 

< ^lz«i*fl> j 0 -** ^ ^ Aj_JO**«-j <ibl) : O&StAj,i b3_j>* 

e^]a3 DI <-<^AxJ jl D^bb* a5DI j\ { _y~* € . . . <*£0->b^-? C«<fcw^jD» 

J3 J 3 ^ I—i<xi ax^>- ob* 3U«> o$3j di>-^S 

• os^S fb| 

A>^1>- D iC*aS 3^Sax>*1 ja £yS>- j L-I ^O A» D^>" 

oToySi -6 DUS .^l>^fc_?3 D_? w jz£3l dlj 0-w_P3 .3_^> 

t£ 'J*a+G' ^ j» jlj ejlOkjl (*-jl^Z-> aS „jUlrMj^ 3I jj* ©jl«Jol 


^ ^ J 1 ^ ^jLu3* I j 

o^Jad DT aS 0^3 A>-J 3>> Aj>- c^l^> UjiS'^l L | 

Audi 1 -■ i^^al A**l|,Jol^J ^1 j J3 db-^S 

( **~2*- db l^o 0«"l^>* cjr * aS tiL>-^S o^ia9 DI aS Cwl^j bi 

aS 3^3 ojluil Dl J tO-i»b C^3l* 

D3^Sl>l 3^i ^>U-* ^3 Ja Jl OmJI y 

«Jk>U> Coli 3y>- C^l>-J3 o i- yta9 Dl aS^JoI c?l 'jiti'j* ^Ub 

^jlojl b DL>^Ss^L s ^1^3 3 y>-y* cs®-H ->U ^l^z» a^j | <^l 3 ^» 

. (AJ^.) 

D^Ub^ o^^m!2 ^3 aS^^>-^S ^jI v_33bz> t, «n> 

b ^Sl^-2» JjjDI aS ^Jk 31 ccb 3^>^ 

_*^Ls ljDlolj3 aS 3^> « ® ^1 Di^ ’ 3 >y ->^ o»AjU,^i 



£jjs? 



a 

• (Sj^-^ jl» \£<s\j* <jb—b-» al^L»o _;b_^*.i 


b c+&>- C)\j\ j oby* <_yCiJ 'J*** 3y- jb-Mj <j\st 

{ yM?js 0 i f y>\} <->-\y (S^3 -b? o 1 <^ 3 ^ oy JS"*> «-> 1 c?b*4i 

O^^^boljl^ OlCb-A yS3 j€ o^S^y» Io^j ^pfcfe' A*yJ 

(j^«^-*J3 b { j£’JJ C-J bb? t^bo^iaSjl J^~l A$3^i 0 1 Aa t 

'jjsr- iS duiby J J .a*>du J J> jliOlAO iAlS(jbj y jC A* 

cri &,J l ? 5 j ‘} ‘by U Oly^yi c*~>\ J^j*^ UiJ* 4 ^b (J ^b-^ <*-~?- 

iXl.ja. J ii 1 ,^lfi-> J} (3y < o<Xur ^jtAdy ^yJta A^-jli U j| 

bc£^^-“0 A$ d*Sy l.V > > ^y>b 1 &*.. t a Lo ^ o * [i j 4JL. g Jt> 
fljA» aS ^t . $y>~J6 <_Ol^i3 £3 j> t^l^i OK*i*« ySij («AlS^b- 
.3^S olixJ C~0<J>y^ ( ) J*j> f J J C*bT 

^ * J Lo Ajuiil ^^ A$ olX^j Aa^L*»mi t_ [? A i * yj | 

< oJaUb» [ 3 ^y c jU- c$3b £ly>-i\ 3 I—> j jl jJUaa ]yllA aS ~\ 

L_i ObJy .LilS^y l«-i^j cp* j 3_?j,y Ob* J1 01 y^* Jy 







^y £ jlJ I iXJ 


c£bAib a> aa ^ 4jci»l oaibb 

. ^° 15 a» ©15 0 I _>lcJuLa aS ^b ^IxiA jb Ol Ji 

As*ib? aS Ji ^Jjb- As-db» OL^Ji C_?j1lAS ^ Aa Cjt^T 

<S}y _» <<A^b Al*wb ^g-La ^l» 01 ^li^S A^eb»J c-i.jU oT ju* 


Ift Aj|^ .' yj l aS ^J>W^A (jl AM" jjAJJ -* J 5 -* 

O^J—^ 0-_X> b A=>eb> Ji O^A y u!*V* .^S cSJ>- Yb 

b VLaiJJ ^9^ C?3^*d (jl« , ^‘ i iXaaS 

JOoLoj ^se-_» A&JuaJS Ol Ob*^ Aib ,^1 J «XlS J^bu Aib 

i 1 ^ iS l<Xk© j*ajo Aib ^1 _}b O^b» AjcwI b" iZ*>u 0>5 

. y ->1 jb-b 0^,^^ ulo^*-? < «bS c*5 

\->j^. & i_ - ■■* 1 {JCa* Aib y> f y>j a isj Jg aa aS cSjbb o^b ^ 

.dU-*5v_">bw>» S jb Aib O^ aS 
> 3^«^l>Oib^ aS (S^s.a tSbAi^^b OlCXu> 

^yOJ* AiLkAJb db-j^S t£bo^la9 cSb^b c£>Jkf- ojljjj aS»J1a91» 

^ t^»©^}b ©jj^b^obi yi*S^Sy*> aS c-~»3 iS jb Jiljo-jl 

1^0 1 db-^5 ®A5^9^i jb ^ 0^*1 ©«Jl£> f^I aa 

C—*» 1 ^gi^j* b jbjb f^ii jb (Jilu-S*- ojIdjlA» C~*J2> «JuS^A tj-os*- 

A, Ujul 31 ♦ 1 oiAa I C*-*0 Ai ^9^—> t£Uo^©J c£.V jl 01 jtauL* AS 

ojb ^ jb db aS o^*- 6 

c?l^ASc*-»b^ljul Obft>fb.:>l <s\^y 01C^Afl>b 

1 O^* lo^ 


-* “•* 

L> •• 


I 


Jj-aic ojj jl3^c<0 Oi^JOI 

db-^S c^bo^bsL l^yl aS ^UaJI oy^b 

-c^b5o~ J^- ^b {*b^>lL 

Oi^V^ ^Tb t C*«*l AImi> C^ib ^jWS-Ai A^oJb jb bl aS 

* ^blc?b*sj> b 01^ zJ5> 1 j^>* fL.>*l jl b jb 

^b jl J AJlbi 

yj A^l^b" c-»j j2> Oy>- fL^-1 ^Ui aS ^>y^y ^y\ j\ 



'j J» tf* 


Jy aS l>*j| j b O**^-* -M <^bb ->b* cT^i 

JuU^yil^j | Aj <6 b,y»L-i>“l O—~j jl» £^i C$bb 

4ji-S» 1 43**oJ ji 4—S j£-± AshtxjJ * iAlS <3^i <S 1J b 

c—jLS^l j tsjj^jA Ob*jl (*-^ Ol y^* <3^jl c5jl>-^-» <*«^>- c^ x “ , w ^ 

Cj\ J ' oJujtL jl ^li 4 j 1 A) Omni A*>wi 

jl»01 ^ia*jjl l)j>? aS o—l 1 jl 0->Us 

j^JcV^ljjl cP^>tAC?lgj*^jl ^b^l jl fb^>lA«.0» Oyz ®J^ £i A> 

^bl (JJLli^j5li J^icM*ili aS ^y*y* 1 uX)LiJui 41>lm 

Wl3b *y*y cjb" yy c^Ujlj ^CjosCj jl 1^>- c$l^»yl 

L5^ ->>^4* i^j! °b-\>jl aS f^jy A^Jj ^j\a» 
>-*-^l-» t y ft Uj > y^-Jl b ^b 1C^b > - ?U i y»l . j b— A» f ^j> 1 ©cAj^b 

ty\ <Jl—*-^>-b> (^ii^l y aSo—1 y^> Cry^*^ «bbuSb 


-*1 

^u>\ 




oi j&\ dh ?j>> 

'^Ot+s? ^b °b\yby r^ b->! ^1 

y> (‘yl LS Kf < y>Ai tj>- ^1 o--i 
a— aSoy bljI a j3 ao^a j : :M . x i ^^y^-AjOI J*y jLc—-*i js^LaiaS 
Aii ^Sojljjl aL—JA> 

Jj\y »b 1—> y y 1 j y ob j\ aS b C)}y&\ A^idb O $5? • 

\&}yS^\ «(^ b^») <*—-J«0 J ^C- ^yjb* 4s*JLe>^ bb*3l o J— lA-J y 

sy>-j\ b l$M c5 ilA ^y>^A odd- £*£* }jyS3\ b^A* 

oJu^b- O—Ia j zSOA by? 4> AI-w 3 jj—il y~~* 4^JL» J «Ajlj^g-* 

->b>k) ^ybb-jS^UAi aS c^lo^A ^ ^y^y^Gl ax-o v>J^1 

1-XJ l <<Aib* cAOL>419 JSj\ Jp Ojb" UmitJ^_5 o^^Jul (o*jb 


1. thermionic emission 
2-SirJoseph John Thomson 



J» J fjlJ 



S JCi 
•0^^531 


Ojj &31 <iU^> aS J&3-T ^>>-4» 01 

-? w ^r J 0*J t.^wLo Ol .A* l* SfZ/^jA ^5^* 

• t^L>u* c-^~s c—'1 cS_^> JU- j:> aSc^U ji f^s-l» c,S 

c~.\Ojyai «j>j jU <c ykJ ^Ll. ,l -^i-c —j l*s a.L.l, 

>- ^ * • ** ^ ^/w ♦ V w' i* W » * 

°>*CS* A^JLj Ai^>J jl 4$ 

J-J C*C-^~4> J^° aS C*iU ^iajj3 dul» 

L> aJ^U^OL aS diU^ ,^-S,>jU iJk :...'> 
<^L>* ^^-i> <3CaJ^U_«d UI .3ol 

aSU ^A>\m (Sj^ju <£jj? <^U-Aa ^51 ojItA) <£j\jj«s Ol«XU>- 

->>i u j* cU>L> 0^^531 I 0->Ujl ^31 

Ja^-^JL jl^5 oUl-J 
^ OfJ 'r t iir > J* ^1 •«*>—* «Aft*l^—>- iSj£j$ OJ_j-*>4j 

•U oic-c-^ ^ ^uLj* oiy^ k Oj^^cji aj^j 

ol^^ (jjll 1 * O^ltVjl ^ jTmj Ijl) (dul i^)L»> ^1) 0^> _J 

-* UfO o^f f ^ o 

,c~»l j+Z^jf OjjjaJ fj5t p 

1 A)® ♦OjjJcUj* cyl 'J* a5c - j o I aLoJS-^j| Jl j>^ aL, 4J_J1 

ryl ^ jIj J^ls- ojM-^ I^,3 oj!j> Oj^^53I 







b oT Jl ^l> j\ *S x>b 

oJb^ 

^$*\ hyoi 

iCn\Z>£->J^> f^jl 0-^*«® C?lft_)l> aX1o 1 

U- ObJ dlj J_*9 L)l»XUiSU t ^y5>JJ-i jl ij-^i 4 b^j4j 
. C^>\ AI9 JS jl^9 dlj jOu 

JO C-p-b^$ f^l ^ 11 Jb** ->^0“^ <-£^ 

JuSlj^J iiJj>-^SejloLil(ji aS. 5^4 Obi Ojb 1 jl ^bl 

_J d C^l ^" o »«»9 ®J i^u 1 Ji 

«(X^il> 47-£*ta SjSfj J^ 3 ‘IjOl d<^vA^4jl_y>cZ«;l3) 

. 0k-»-. ^ > v^.lS 

(».l5 fLo aS bj^jj a 5C^I t£l 

£j^»o5 j^aL» d-U 

Aib-» 1 aS fl^i*oi->i ^»1 dW^S jj^t>s>- 

4^o C$l^ldfr U 1 _}L>A^.£> <vS ^7j d^ dV>0>y^q^r.oA-> ii^»rf\ ^j^A*l 
l^j | Ob® J i bb*t» Ol&O jl^—9 ( _ ^>.“ fl-T ^ J}■* b l<p 1 c»XZi 

bdf’ ijliAJ ^1^ ( j«ar^i | < ^j 1 .d^l) C?li>l5 A^jLwi 

I b^p* <-£1*^ <-llSJL> dJjAi dJUlj 

JVjcl- 1 . JL^idi c?b3»A£-j^ ^^ c-^j b b^ 1 c£UaJ^JLSj 
Jr?“b^ Olb^ ^51» i aS c—1 O^ ip- cr^i ->>*b Ol *S 

„jI^/(-k»11j fTj\l> m (J»A£- _>! ^ * 0 7«■»■<> Ja>-Aj *)jl5 Ol^Lo 

A»tb»l b^^ Ob« Ji Olj >?*l x jr?“t A ^1 < Jj | ^oi O^jr^Ol 

aS^» 1>- jl a]^15j it^l^^ asL»S Ip>aJ^LS jl t^lo^U tA: .* U 

d .oJIi JJ*»1^>- ^jl>* Ol jlialjl 

a « ^ lUUb #iLi o^jS ^huJuj ^S^jb »lj 

j£&> ryl Ojj^ob ^S l c^l^> 4 S cpl^ii^Ll» »^u«rl 


1- Sir Ernest Rutherford 







) ♦ J SJl 

. jii dl . -jAt 4l«Jk m ^uSj ^ A A ) ji* v_ 

AA 





'j J* W 


Ij C?1 j —» L* dlj y*3 > v,!.♦,>* jlj> 4 S ^ 3 ll> 

• 1 _ -" j ' ^ jlwvj jl«.inv t ^«* m> J^ls 4 a aS ^1 ^5 >^L l Lh>I 

A* 4m) l» !_> ^J^IaI-a o^La j\ ^1« c£<AJL»4i*«i A^^SjaI j 

ojL^oi ja 01.A*-*-» a^oc(IaJT) oOi 

« fr v_« <**\ jLwu) (^lib^j^lSjl 

Os«uja <«aiSj^j^ cSL ob^jl*^ li3 i «ja 

C^lAI^A^jSiAlSl^it^}.? ^ . A^-£*w9^»&I-a A_^^* t^**** 1 *^ 

<ol£.L ©a ^ »^Ia ^>1 j j OL* jl aS UJIoIja jl 

. «Aj | O-^AAj ^uAj^-a l£1$a_^T| t^U» jL»^j^J o jl>,;A (Sjy*£ C—»1 

r~~is ( j^>-\ySi i c>jy*t* ,_^US C 3^ Ousjc^j C~3~» ^1 

^jStluSl ^ I vl>1 aS v^wC»Ia (j | jlLljIdiL) < (A^iL> o Oui 

cU«—JJ aM^a c£j^ sA^ cJl>* ^j* ->b ^S| ^3 ♦ A^-** oJJtti*-* 

31 4_S Uj | oIjS 31 c**—5 uT « jl^L» 4uib (*yl c£jS^ 
c^lfk^J^J lS jloLa o*"-?a < A^^yA O^^&Ia <_5^ 5 ^' M,Ai Qu S jy& j^>j* 1 

oAw 0^> fcL-il 4i ^ —1 J*^ A i. 4.^) ^£> _^1_A (j | 

c£^__£jA A^>* ol«J J>\ 3 ‘A*S < ^a AiUS Ouur^ 4 -l.o JiA£> JA 

aIaO^J l,X£*AidLw t_^>ej|c£b \jJ c£lft4»^£>tJ 

ciU* oU£4* jb fj)i ^jT ^ja 4 S a* oTiilii a^ Oib 
AiiLol^^j jLaS aIa (jLiJ A^^ol j ^**1 A f 

c^im jL 4 S) t£jS y, L^b ^jl .ajIa o^>b: c-o-ijA 

JdlV (Alib J-5>J*Z b^ljA ol <V> C—9 

fliA» lj 01 J 0«*»1 ryi ^IajjI (^ia9 o*^>-^l) jl» t ♦ » ♦ ♦ ♦ 

1 j jfa Cc^IaLaj 0*KLwlx> ^jI 4 S ^yu* ^li , JbliAjtL AIuJ^ 


a j ^-^oVUiil^ ^Jas jl aS I^Ia^I . t 

J>3 jA+i (y) b)lr j ((J) b*j (a) U>T ij^3i ^J>^. 

• 3 ^’Cy**** Ajdl Iaj ^^>1 j 1 j>! ^,-j i_jliS 




•A* £tjy> j» j jlJtkW 

oli lj c*£^Sjyl» <j| a* ul^^^* j jkJiS^^ aLW-I 

Jd ^aU* <5^ c^J ja aS c+J oij&\ <s\*o& jl 
.(U JsCi) oix-^i5jfj<o^ jJ p 

J** J—^>jl C— jL-*»* t _5^ J J_ji>A* l^>J^lXjl (* v ^>- O,^ 



Wi>_*J<SDj 


i^jUr 


1 1 j5Ci 
t^-\y I 


(*_JJ 1 (O^?* OL-»jl aS Ia) I £ -a-**>£j I J i j$ L 9 >Jb“ ^l*P (T(*^J I 
\Z^^j>-j5 oil^^JSCu?» (_£!ajlj4^>o aSaj^S^I**^ O^'li'^l^^ 
La) | ♦^>! - >i ol l^»> .oJLi>L»As««»li ^LiLj <j^«-wl ^I^sjl>j3j tiX>u«'^j aS ^ Ilj 

jl ^^ie^Ai iXLlS i J j^>- f ^j 1 AI^*JbA>0 Ia» Lj^bLl »jiT<>i>* aS 

C«^>"Ji C—* 1 \jC-e*» oVU JzajjS J «-i > _ j=*-L* i^>* ,^jl j*—* 

. <Xol Ji O*^ ^>-A> i^>- jrW* j^jaaSC^ 

f jUc 

< C—I ^5 JaUJ jl AP^*J>t* tik (jl^^Ai f^il^> 0^>" 

u I A^-* i^5^3AS ^l^ij^UI ^OP 


0 , 
6<AP 


Jl 





(J | A T mi^aS u*a1a (_£ 'j+ a *£' (,$1^ jli 
»_3l»JuiAJLn»£&lj 0-?_?b*A As»t«JoJi li3 1 J-3<—^ ^xilAj i£ 

tjdb^tiC ^l*£ ^l$CJ? f *A S Oo1o(Jlc^^9 ^J^Iaj AJ_9^5 

<aj y*^ jouc j& 9 4»*& & J* j> & (jA-4? j s& i ^ i?bd Ji 

cyb 0^^501 dL oj^jo-J cyl .u*j!a ojU? 

'^*£IaJS' \_y ,_?• " •*** » A.> 4^*jlL 3 Vll b)J^ 

!j J-iJ (j I 

* <3^ 

^20 J y* ^a 1.P^«C y I £*A£ fliAj La^o^ 1jcP^«-XC- O^^La^jI 

aI^mLw J3 (J | ^I/La oc L o LojaS t C-^<A£-l^ 3^,^^ iAaaIj^# 

<XlS^a <Jl«dL>lix» o<Xft| *^w*»oA> ^ l„ i_y c, l ^>- o bjl Oib' U~tiJ C—3 

f ^ v^y o3 ** * (^y <u >*^ i f 

tf ^t-T <*» C~J cfi** \jj*c&j*> jl&aj Jkj^ 

£0£b y£>$ ojL*£ 4) b <C*«»10T 1^0 y t c^JUjb ovUj Ui 

.c^Ly^jo^JU <^yf 01 Jj*£H ^jbcu 

| ^L^L^aSo jljjL^*o 

^ C^iAIW& jU Ai>- ^IaS «A^S^ya C*>^ C—l ^0^5^^ 'J’<S 

IjujOJ^Aj c£l^lils>-JA l_ -AM» \ c>3 c > ^> (ocA^. 

Jbjljuo >Uc i£*\c. J yr aS c—I ^ }h* .olS 

ojUJ j&o&b oT <5U*4 x-«p cSl^o^> 4f c—f f jS\ 

(OJjj-.aJa* c*^*j) Y A Cv^ 4 ^ c^l^yljl (vW^ 4 -* - 

^A^jil 0 j^ .TV r^r?"b C^l^A^iljlOl ^-b-? ©<A.wAU>-Imi 

■^r 6 j 3=(rv x -y-) + (r a x -£-) i» ^.u ,>.' 

(rfljff’) o3j i^>- 


1- isotopes 

2- F-W- Aston 



vUi j#* <1?j* j jiiftW 

JU.S 

y>- J=-U«J j\ ( ^Jl5**&>3 e«AC- J^UjJjIaS IgAjp I 

lX l um«^ („)l«*»5^> l> t Lwft* .w 

a LL L>-iij ojlliS jJLliI ^l*j] U ^Uaj o_>ta 

jL^l JA c£1>Aaj^L ^jms\&- OWaja . »«A-_aIj [^U 

Aj . JulS liA^ ^^j«A^1j I«AajI^j^a W* ^ aJl^*»jAj 4^ vl*»^ 

aS Ajl£»1a 0^*^l }^aaS (S 

<**b ^y \ OJ3 C^>-j\ ^3 C—(j I ^L^< <jA$>- 

. (Aj jIa 

(^^JLpIa^^awiI ®iA—®WejI 4 =^ Oi^ 0>Uil O la...flgo 

. yi$^y> I «Al>-1> JAjl c^*j*^jJCJ*^a Ijl^i l aS^jL^o^-w 'jttAlS- 

3 1 f OJjb Jl 0l o*-i a$ y>- c?lyi»j^ y±A 

(Sj*£uj2*la o»~. 9 t 6iX3i Ai>-Ltf ^ ^^_s*3*\ UJ3^* 0^—***^l 

3 1 A ♦ ->P) ijb sy>3 JrH Oi^ ^ t l-. C l.w 

. ( j y o j~~Slj\ ♦ j ♦ r 

0^1<A>.} uiUlSl <Aj«A>- aIaj! 4>-^j (^l^Aliljji 

aL^aj b OJjjoJ j XL^ i 

<_£l_P-Aj <jl C^y^SCJ^A ji aS ^1 . o—1 • -J • A ^Kj^I 

(oS^ol ) «Ailj 01 ^3*^^ «j^J^iAA Oj^J^ 

OOi 0^ s _^ L«-£> AaJI_} < C^miI^ “* .C u« ^Ij^oaa ^1^1 Jw>^ 

0l^*-“O J.} 3^^\^3 «C***'! «AUIa^^aJ L*-i c->^>-aS ^LS c^i 

jl^Ai a5<AjO jl^i Oji.* C^^IotAiJ j\J JLaJLwI AJ^a 

i^-±m*3 <H-> bc-^AJo \ A$ **Xm» Ol A 7 -m ft > AJLw01 Oa ^j-> 

Aj A> i^P^uA a ^JiA<j oljj ^^>1 OLaA^Lw ejl>j^ 

■ «Aj | 0«*0 


1- H-C. Urey 






f jJI iSUSjjtSjj jUs>L» 

li) (j1ou»<Jii jU ^CwX) 

^yo^ll 0_>J cM-i J 4^—4$c£ aLJu-j^ aS :> jS> ojLil AX$Cj 

Sj^dUL l/^>>- f U? l^ij 

—^( 1 y ) l I 

Aj l^lui \ dL t Sjjji ^Vs* o i ji aS c*$U oly 

^ .«JulAli*^Sjl J jb^£La5Cjlj 4*l^i 1 aS OuU«Jd 


Dmitri Mendelyeev • 1 

£*** Ic£1aJ\^L-*I oJujLoj ^J^liAS Cd>ta^Llri-A» Jul» . y 

O 1 -* - ! j 0***O«5 c—1 ^.^O1 ^^dc- 

• ^1^ jl^J -*■•* 


f'* 



w*r ^ j 



) Y j5Li 

O | ^*A$ Ajl^Lwl iSj\y Cj jj*** Llc- 

»—aScsIaaL>. . oiXwol ^^CjUj ) AjAj Y i—>jLo 
«Aj tX>o -L»l_S>d jl aS (oL*.S CJ?^Sl—>-) (S C~t>rl *JUn| 

. LlIjLo^o I (_^U>43 jJ uU-I^-L* 

ujjto o"...•>ej 

iftiA^ jJ-jdiJ floS aS *-j,?L*-> o J 

j! Jj ^als- 6 lXs>i^^jZJZioS jI<JUj ^*pLL& (jp \^>- 

<*i-?-\_r£i aL-L-j^^^asI j^La>aS (^lAiL^bAS^j^* Jaj ^ 

Ax*ij jjjl a> jl>l_» <o^*l ^jjU>t dlj (j*^ AsUilU 

C«**^ aS O-wl utal ^aS ^Jjlu o ^i| aS 














j& f c$l*yL9»l f jjl iSl&jjZ&l 
CoU.O jT^JA (5jla»b^ col) OJ><?4> 

O»- 4 *'! ^£»5_9,iO f i lA-iAi 01 

lAj j ^»45 jjjlj^^*<*S ^1 «oj01 

^ 

lj i-ftl^>c-* (S ^.lai ( 1 I**) J50ij^ 

< Oi^ 1 O-"! b**^” b^-^1 iJ^ 

» l_>wW ' >U 




»r jsii 

_J ^xS31 cSU» ^19 


1 t. ■*.!■ ^ ^Uft 

O'* ** ** . " > W'* 

Oac-U ^b*S <**>,> *_->l^>- oiW c^^ty <j>^ 

ob--S^J"_3 tVj^i J^-~* <-X5C^4> l_ib;>t>a Ll-C- C^I^a^jUj 1 

f ^b-* (11^) .<Aj 1 Obi 0_^Slj_^5 ^j L » J ii 

ol ^j> jb- ^£*i aSOo lli 2>j\$ ^S Oj^j^Ulub f^l ^jl* 

aS o^-b jUa^il Ol^^^ Oi^ *^-?b ^b»! O^^r^-11 Oij 01 


o*b^ l u j J>lo a1mJ>w t,^)b b o>"li 4 ^>^j tXj lj , ) 

Ob_l>-bjo ilsnj br-o I jJ>aS O-wlc^J^Obl j^l } ‘ .> j^^/>0l-“*j <_£«As>-lr 

. 1 0»Jl£ L^b^.IiS^l 





sjz* j^IS 0^^s3\ <(*>»1>> 

1a*i c^*jl» ^ 45 **t~*- ,,i -' x ^^i LxJl 

<£\j\*^~S (o^l^ C*-ojl ^yu-* j^cUj 0^>-) «aiS^a 
^^casCj^ r^ij^ oiU*^ ( Juj> <3^1 

. tij^Lw^A f 1*1» cU_*J l> (J_^5CJ^a tflj^ <-xI-»_m.:>-^a 

0 ^ «« ^ C—1 <3i'-^ : ’ 

r^l J3 3^ <c~*-l aJLajL-J Uj^£3l>iA> 

<_?^ jl (HxO) *-> 1 JyCJ^» iiLj O^^lsGI 

^aS) ^1S 0Jtr“^ t£l$A^jl(jL^ Jt* 

aS *LXjbLi»* (<aj^.> udX> 

<AJL>*i_^^l^ v„)^o JLoL») 

_y>L*J _?l ^oLic- < vjj|aS o-I c-^>- a>j (0«*j ^jJujICaI 

.vilsU^ C^lj 

i^S^L uLz-«/I ^L^-w 

o^i>l4>uij 2>^Zf^A ^ibl yi ©l^jl aS <s j ^jl OIaS 

oil^.5 <JI*AjI_J ^Jj*S J3 aS «aJl^-L ^ij^liJl ^VLaj 1 

a^m 0^--* c£j^sl Oj^^^lo 

oVl^Ajlj jJjcS f^l^J aS ^j| j!<jJLo iCa-'I itS jI 1 ♦"'^ 

0^> cXib|^> 3 IJ I L-o. ^ 

jut^ jirpjji jd ^wj <ixjuc« 

^a^jl A—^^iai (J-*l_5Cj aL>- ^jl ^»e> A.IaiS dAj Aj 0^*51 

SJj9J*1j i ^ajj\ Aj^* jaS 0-^1 A^sIj l o«A*j|^>- .^jloJU-u»^ 

(^lodjt A-S «.**> J ul^^S A^i*»A_^l ^Ajut IL«jC- ^ j | 3 ^ * < ) 

^1 j , o! tjJ^y> ^W~ G3j&\ 

IjO^»o^^A$ Aa^Io-LaAj vIa^Ia—a-w o l ^ Zx>^ 

tXlS^a O--o-fe! c-a-aS j~Z.,*.i Ujljl AilU^jl . Jul S ^j» 

JJO^ C*^J <» 3$ 'J* 4ok> ^ AS 

^J^lwA» O_^I<X* U Jb-C*^>- ^A^ftA »} aL^U 



&yr 


Juj1| ./ 1 . % 

'y^jy\A+jtS .ijb 3^>_J OjbniL 

,ouS^ b ^_^>* jl U Ux> _5^X^i\ 0^>- 4 ^-*J&<>_5 aJjb 

L-Jrfj^ b ^ylyl >ob o<Jui^t y £$jy> c$Ul=iT ^SaJ^SuU* 
tC+~\ ^>-yS> jL~> t£b*~^ IJ> Oy? .ai^y cr^i 

j\ ll^S jli l^j^Jl» ^^tt^jk j.>b» b*bl aS ^>.. ■ bb»L*J^l531 jrl^l 
b ©Lr^S eh* W .tVjj^y* 0^^->^ob C^l^*l^Lu-iljl4S CaM 'cS^ 1 
<y—^.^^yybb I ^>aSLk^ 

y~* 4:L - Jb 

*xil> 01 C>* 0^ As ^ E r^-? < JulSjib» .>y-JI dy' 

(jl^Jyyb1 4 j .oJ>aj C—^31 bip’* i y^ > y > c?Jyl y^jj a>- y 45 

f_jj\ C^b ^ JJ^-1^31 4_oJb <0u*l> ^.,x«tf i- ^l 4$ ^^ jjb> 

v-iSjl 4 aJI$jI t£l4ia>-}b bi^ jrt^ b,.sy-^^lS 

.ouS J 9^Lut A T -■-©> ^1xhi^>_j Ju>d) 

C>Jyo (j^T 4 ^ obj yyJ ^3 J a*l^i ^b 

> x l : ...g> o5y-j:> 4^* bib c^bo^^b 

4aI,jI i^^^j*ili t?41 wfc ijljl c£^1j.^ f < «»■»> bdlj 

Ojb islojf y\ 3^^-^wb»! 0*J*-*^>4 j4S * ^J3& Lo .JuJO^^a 

aS c5«JJt>l^»_5 (S ^b <jb* ^£Io j*£* obasbr C^lo ©<A£ 

4_S ^>“Vr* C^b-* 4i^y>jl_> Ojb J>y>0 aj 1 y* C*~04j 4>yjJl 

C$b^>-y J>k Jl ^la*Jjl O^bc- J^b» (*^j| .^US (£jy 

IgOy^bil aS ^* (*» tf J ? >L>^iai>-) C—I ^yz-rJLj* 

C^IajLaj^j <_jL-L> 4 S C—I 01 ^ ^y^jl 4 j_j—*J _>«> 

^l*C jJjlli 1 J UlildcA C^b^>^ vJ^b 4*J^ 4$ ^b^b*-* 

tauj Ji>o oj>^ tb^bji ^y*-* Aj^b ->1 


.ouS 







jl Ol>>- 0 U 3 

ojl >js Jut 1 Ot^J^LiUi jr»J 

4^.^-Lm» tO>-l-Aj L»->1 Oj^-“OtT (J^L^a cJI^U>"Lm>A> 

4j^laj4j ^S^>-^S ol j^y* J^Jli | <Sjjb’* js .Sji 

.SjZt (J^*- U,Uj«-n ^^jIaS 3j|jJ u^--*i Jy5 j& 
C>^ t_S^ > '^ O^—OwI^>-Lu« aS ol^ cJVi ^ji 4*Jb 

,i^^4> ^ J (wl • 4j ^iaj i_^»w ! (_$lo {i) ^i>t^.£ s 

f^e^j lILjKIaU ^^5^» oj^-3 f_^>l tj^J-i^ 4 S ^yls"^>“^51 

y^io-**^ dLjIsi* ^jiy _j 4^j>-^) ^J>li 

4 S 3_^*j <0*0 j3 (m J^ £ ' O-*-**» j \ 0--*-o_? 03 U Jr>4i iS^SS 

J3 _j ^LJir ^\jZ.>-\ dLjfeoa O-^li jUaljl (jl^L» C)\y to 

J3 (ffljptLft C^lfboL)) j* U^£>- i(£5^3j^> 

^y '-r? y i>J^ •• x ^ ry^ &?** <_4j 

o^aU^.*»^ L^y 45} ^ j> ( j 5 +-- kx ‘-) ti^-»^L«sljiA-*il^j ,>-) y. 

o_jl->J3 {£ j ^ .d £ 4j ^iaj^ 1 t£L>*4j^ *JoS J> OOl j} O—^.5 

• 3JJ^Lo»^i4j 0^1 l>"OJ b-lyj*L> lU-oICa4S 5 j* j> cjSy>- 

l*j^ dL M ♦ ♦ JU j* r *iU^0 1 jJ'U ^UT Ol^Cj^ 

jji 0i\*t ujt j&’j C)wiA j& 1 *? ol^>io4S ^ ®3^s 
CjJ^iSj jl cS^^if jfb j&iM&jl ^5lj>-f J5ZA4 j l^Jo 

bj-l .Aj^" 

cJi ^■)) Jb U^-JoJww^lS£ j J=*Z-A C^I^>-1j|4S 

<Sl^iJ j> UI c$^>cc^o cSj<fci£»l)4i£if^ 


quantum laws •) 
Niels Bohr.r 
Max Planck .r 

.c_.c—>1 1_^S ^ 1 .oV 'wK* (^«^? , ' 4 jL^p bj|.t® 




.JL&b ^50UJo Jf 

^1 ^jalS A^dl aS ) ljc£^^il 0^^ ^LaaJI 

£jUj3 _ -o O^ 2 *-®- 5 * Ol^j^y* c£Je>U ( c—I OL-MS 

Uh-oI^aS o^lij 1U a£aJ1 i o—>l^ f Od,^) J 

j ijlaJ *y>-j (<J^> U j ^S3\\i a.^, >Ula) ^ (Sjr^c- *y>- 

(JUjJ ^r^-A Jail Jflj u^>\s j- cJl>-Ij <SJ ^jl f^lil^S 

1j&> f>yf^f j£> i£jJ1 oU^' $jy> ji M^» .olS^ 
AP^o^a ^J^J^aS ^J^> £>« Jjkb 

4c >ojjm £>bU>f Jjtfb ICc <£jJ\ f^yf^Tdiilj^l 

1a*j jsjJ^I *f ^>1 ?j? J>>b &&a*J 

U (S J ^yl c?l—Po jU I £_iu»-£j aS ( » ^ ) y i_^.I_yOiJ 4> 

<>Up 1 -? ^U>-^S .jL-m* -? OuJj £rl^si <j\ Aj>^5 

J> Jil*> 1—g^^jl jl aS ^il j y ^X>U^S £ri^®l 'J*) <C—1 

jCj&«£jj\ r^l^veVa^ ‘■^>“0?* AlaP-^-» fr&n jL~> 
OLiU^^Cj^^S c^lj^-lU aS ^^><ap!^>- c~*^1 

aS Aj^So!-^ .iajllS^* r^l A^»jb ^^ i^j^i^il 

t < ^JL ^»^-oiU> 0->>»jljUa^lji^t-jl^J^yoC^ilp^SoujA» Jp 

c— J^j Ijt^J^il Aj^S^jl 

M«*l^ £*0 ^iU Ol^>- U 1« jlS^J ^ O^ 

C*^>- (jljl l^J A J ^9 J&lj Ai^oJ 

U c5j J 1 jftAAO j^uS l y J j&}\ aS OSj^j^yyj JJ AX^.P 

aiif^^Jf^-lj £Ui?jf ^a^>- ofji «a3 

LwLwlj 1_; ^Ijlaa A_S C-4>* O01 Uli 

o\ Ui^ i oS^^ ^-o-S ^Jji iju i jlouLc oly^j 

^»-wjClU^3 J^aS ,>lijlJI j J ^uK?y ^^ SLj ^ > Aiiflj o5>^>-)) 

• ^ < *» >l ^Ju*|$ l '^yl? U" ■* 

«^Jb<Aj cyl^ C^Udl C^j^jl C^jlciijb aS (*~i*U 01 3JU9ji ^51 


1 • Zero - Point motion 


9? 



jA j l<XO 


Uir 


J b fj—> 1 kJ^o^ ^Jbs*- 01 f^-Zjl^— S 

&$*'•» *& bOUa-»l bOl *— S jJJ \^a jj Jb-A» b 0 1 t^l^O^^ylSGl 
oib~Aj a5Cl»I c£l^j i L* f^l oc\£ c«l l> 

Oj^>Aj Ai9^5 aS \j(£j^\ j1<AjL* 0I l> jl» 2>y>- ^jIjCLa 

*<a^ij^L<3 jji J_J»a£1jIj 1 ob-j <iXlS j,jb> ^y*»b- ^b^j 

>Lfcr 




lot** Oe 


U)U> Olj 1 Xa 


*ti ^ t» 


O—jl^J^*j j^l£> aSo— l^t-^b i <-X-w «„^l—1 jc^boj^oJAj o—«~ j b 
J—*l£j ■ J jl*-£A* ^*^jl j>J 0>S J>- S^*jftL>- A> ^Jaj ©0 UjL&~> 

• cjj5ujj^ ) ^ Y ^ Jl—(*^ljlJ>S Aj^laj {J? cS^^O < r ^>^' 
^UT uloiCjjJ^i 'j&jsj jA&Jjl ^ij\ ObSbj^ Jb. 0b3 

b (__5' >_ W J J Jy^iSCj .J £>UJ 0>^J Obj ou J>j ^*±3"J+) jl\p>jjj 
. -^^—^ 5 -® otX—ftL (OLjLb JoiX>- fliAj (j^^l aS OlO^S 

<AJL«JL>b AjIolL*.—,^ 10 b A>^^Jci> A>L 

<^^lj>oi<A*b^ <s^\J 

o-l (£ Jr^?' Oj l 4 -^ 5 0« ©1 c£ib (►»»*>• O^ j>- aS ^^»0l 

ob* = ^*«-*-^lASdiJb3 l ^« oS^^-^jjlAiAS C(b*ibb (T 1^*1® fl>A> 

<ib»bo {jf t* b A> ^Jaj . jlo-^A» 

O^b—*A>b>!bL> l^^fcUs» aS O—b jl^ lS'IajL^i UjtX>- 
^Sjb^LoltAC-ll* «Aj LjJ *-,y>‘ OfrC^J^JajA» LL» .«A^-MtJ^a^iajAj 


J L^l^Jli aj,l> J*J*-» i>J A b--? ‘ ou 

oL—>L j jj> b aS^^ O^sOIj jl^OjObj 01J3 aSo^L 


1- Erwin Schrodinger 
2* Werner Heisenberg 

3- Louis de Broglie 

4- noncommutable matrices 





^juwAI $ <-Xi ^Ln&Li &SLl~.*>.&‘ -bl^cjjl Aa^ja» 1 aS <A*i> 

. Juito^* O^j IJ OjIaAjo 

Oo Ulc- j\ ^La^j! An-e^Jlj vJ^j*.il_3 ^al aS l£^j A 

Aa L«3^*<a=>cjft_5 (£5 ^a]l—<^A i aS ^a 4ja^*So_>l<A j^Aa Jp^a^» lIA— 

A_S Oj-^Aa aJlLm-j»^! • Oci jlSLM 0_^J AJL9 j5oj^ ^a aJu^i^j 

‘djr^l Zltr^y 4 —^ i 01 ^O^jl_^5> c£Uo^&j 5$2*"3 

Oyli 4 S .5>^ AX5^J>«A> ^ J«?f (Olj ^^-^4 <^4.0c* 

< (t d ^J^=>1 1 ^>Ll> ^l«Aj <_ol5jL ^o-wj> OLjIsI* cOc 

i —O^^yk*~A f^ii_a _^n>^S liLjlSoo ^a^Z-^Ljl 

O^^y^Dl dlj C-S^J ‘ ^1 J3 i 4 

«^.>^5^5^yiji^L.*jt>_J ^ySi>cJL«» ^C&fcT ^1 «Aaa]lwm>J4jA^j 1 C^l^?*Ai ^jo^al AZmJ* 

< ( ) ¥ ) aS Ai^^Ol"*® 1 «CCt^locAlSl^a» o^ lal * 


«__ «HM "** ^ 

- —"U'It^-O' — ■ 

- _WrfS--~- 

JZT 1 “”’ • 4* 

^ | _ - ™ 

^ m ^ 

— — 

vOOOoO^» 



1P JO 


1. uncertainty Principle 






A jjj '-j' ^ 


63^ (_r‘i^'° * 

^LS <0l^j^>* ^ Jb <Ad> ctLtj&Lo oj\j (S 

A 


* 


UUJ <U.^3 Jp>- J' dU<A>- Ut-JlXA (J_^*6l o J U JO Cj5^ 

Alwi \jj° yUiS*’ J5 J uJ IiL L«iS^jl5d_I_»l^>'_J Cjjj 1 '* ^.»«s>1^> 

c£l^»llS Aj i du J J I 0^*0^ lc}A.L>l tAjt\>- dlj J^-J) J 5 

u-l- 

i® 

Ot^ cAi Jb Y ♦ ♦ ♦ AS^yl^^C^ aS <^^3 Oi^ 

“ <J^ Ji? C ^ S3U - a _ ^jSCj^A £Jr>- Ol^-U-Ai 

AC-^*s*eJ*0^^*>Ai dkodc> dl» J^-3 ,j*J5 O^Joddl ^J~C-3jl.5 oL» 

6_>lij3 c£li&A£»J<-Xjl j\iS ^51 ,d*l^>3 

J oL<»j-S> ^) l aS OaS do L < o do L* ^^5*1» f_^>1 J c£^jdoLL£.c>c.> 

l_>lgi | «AjI>.J OS^AJ (*^j 1 ^o^-Aj OL°J J 3 

63 JS - A 0_y^O.^ Aj_J - oJL*J aS O-dld 15~-* ^ 

.adS^y* 0b_?3 01 l$o^^£l]l aS c— I 

Od»oO 1 d>o A_S ( Alj^dlS 1 _JJ 3^*>J <^1 3^>“_}b 

J 63^-6 ®l£L> J3 A^ Al**Jb OiJ 3 I 3 Jdt>l^>- Oti*J <3 

3_^" t SJJ^^a jLo^Ai t^ddol^»cl**>l2> J durfj^y»^iajAo O-JIaS Ojdo 

^^^jl 0 ^d>L*>ji ^lj >0 I dodiA^^ta ^djiA ^ JJ 3 O^®-^^-**' 

,Jl£iL> ^O lo d 


^wtdiOL o 1 ^J^$3 ^)^L>Aj aSo-w^ ^ 

. ( 3_^» ®*Aj 3 f 1 ** A^td»^ o^ltAjl 1 ,^ dJ jL fjol dlj 



{J** J-'** 

<7 » » ♦ t/» * 


Aa)^mT* t jlj kiLuT'l 

4 do 1 < i _*►—* iw3j}L*«j 4JL>^*iS | ^ aJ ^ > 

l31a>1 aS 4,i^5ijltA> 4^j^L(a> ^^JL^-^SI 

4) 4^ ( l^A^J 1 & “ ... tt» jl J ji| J ^_<A I ^ .OJ ^)<»< ) *^L»il 

Aj^sju l> (^OuS 

(j ysj$~i <J^£1> . Jl£^a 4U>-LL2» ^4^-^J 

^1^^ a£jLl>-.> o(^L o.jljli) ^U^l^li :>^*J 

l$il^ aS Ij ,yb^j c SjJ>\ aS 4«/*<l 1>J 

^(AaU «Ai^> ^SCj J^jAi { J^}J j\ U Igj i U^>-^ allS^ o < -^»l> t _ 5 ^ 

c£jlaijU 1 A ^ ^ JL* J2> • J '-*-^ t _y A Jii>- Ij C*Jb- 


1 • Henri Becguerel 



'i?j» j Jijla-J 

^ «l^bd ^1 I J O 1 Ij 2>J3 1 C*—aA> f^jb.?^ obJ^-** , l _ 5 * 

|iA^3C$ y+^pj} i«AP»i jlLftJ 1 <J°^yi**J2> (^jbj^iu^) 

ob j\^9 jtSjs b 0*1* yAj 

J ^ IiLmI Jlft»< oli (S b>A.l«a aa< (jlji 

^ib ,^>1 <Sjj o—ja f^jlj^l oU3^-^j 4$ 2>\^\ .iUil 

(A*n9 <Juo c?Ol>- J^i . JjLo ^_5U ,JL>- Ob-£> A> Auijb Juj>- 0*^°^ a_l 

y jjjl Ij Ot^Ml^^fll^SOlAl^W ^AAj-wJ 1J ^uaS.t^will^ 

. (^ dl^l AS^b^si) 

Ob>\? «Aj_^> ^Ua$3 01 *J5> ^U» b 

_4JL^0y>~ • C^l Ali»^Sjl ^9 Jjj ^>1 JIi^j Jua ^wl$b 4 ^L-Jv aS 
Oj^»cj CU**0 (ry**? obw c£bodMS* OLy*Al^Ji 4^aS>-J2> (JTlfc 

aS ^Lalc- \^S . $^> ot^S>- jJ y& 1> ^laOa Aol>- ^»1 O^j 

(„)Ia^ I X ‘ l> ’ ^ t _<** 

• AcAjL» ^51» ^-wbc- C^libAainJa OJ^bsA^ C£«>bi 0*-^-» aS «>^.> 

13 C-‘ ^ 1 J AmiaiU ^S 

otXwOJj^>t> A^j | 5 a^S^Ailo^lo^""*"* aS tX-wiocXjl 

(S bn-blS^ A^jc^^I AS»AlS 5y>-J 1 (J>«A9 li ^ ^^aI» A*-i| tX-il> 

\J°Jp\Z*Sx*o ASCj Ic^l. JuS ^JU AiL—i ajci^J el—) 

• «^1^ 1 ^ t Aaai 4 n llj 1^ i kX) La^I*) 1^ t y aJ 

A-ia-^w 0b*O*i b 0^^ aOS"<Jk <>■£- (S J J Ai ^ajo » l ^b 

• ili I A*_»rfl yj 1 JJ datf l"***-^" 

>- AjUt5Cj^>lj t^Cj^^au» J>3 J^SCi aS Juo J^jOl>- 

A> iA a IS ^-J^aA) aS dj^ La^**J JL.S Ij < 31J ( j«tb' Ow.^ 

Aj Oi^ ‘ 1 (^LvO- Olj jl) AaLoaJJ>^ 

( 50 ) 0 »-^ t^l$«^UI aSiXw ^^L«_A^«Ja5 CjJf+0 

J}**' J y aS «Ajl^j^» Aicwl yi. b &£**{$* 

tvAS o^be-ijllj ^lu\j bOi oj'As JL>- t jv£- 

. JuSjj^s- 


VI 



vi># IT £jj* 


ul aS <J«»b ^ c^l? cS'Juo pli U AgJ 

jl^j-^ aS 0—1 «AlS Cjb- 0 e^U^l O-jl^»^ 

L*jl«M< A?y | J j » ^ jiftJtlAi ^AlP ^^-jl^^l 

^j^Ij ^oLLC' aS «A-u» 01 <_>*-— 0$^>5 CjJy*? li 1 aJl«-«»»jAj 

^1^1*® ‘ ‘ ^ jii.n l 1) S j _^1 t_^**i • *- l£ l . V . l . l u Ag» ^ . » « .S j 

<»LJa>) f^jljji <iCo ^ dU 31 l; o-i <J*>* ° w r^k 

AaS l<*L$ oL> ^ * fl o ft (<Aj I A.(.^L>_?1 aS dj^i 

t^l ^»Aj fj^b.jl ^ | _^*lS 1 ^obb ^g* *..jO> Q^> ao1j>" aS 

‘<^1—*- ^ elS^li jlS^ljAi Ji ^1 31 (jS ^> -0-1 ^^3 

C^JuJV . f^».il J fliA» ^£^^0 J eO oJu_aU f fliA» *ullx..(jl 

Aj 0 cJ ^^~ 3 J> ^-■“■^ 1 b ^ualc- (£jt^i o^l^il>- (jljlSLaJb jl ^^£3 Obi 
oL-j-5^: 31 aS ^ o*tt a_^j oe3 3^ -> • Oi5 f ^UxJ*T fb 
OjaOUf^fj jbwfU, IjuTaS ^JU <^3lSs^U w b 

. iASJumaIj 


# 

^g)l3-(£ljbl>- 3L^^U^Ai^J A^w^*j iS j^«?S | _^»^1 ^ ^«sljLc- ®<A£- 

A^d <>ib •>«£ ufSt+IT’ 0>td« J>A^ b 

i-Jj^^i ^uJ? aImAai (jL L j2> _^*-31 ^^>Lvpa$ jui j&m» j 

A$Jl£i J^£ti V-***— Aj.>b. 1 ,V^>-J <Jl»1oJl1 

l^j l <_£b^jl «AaAju J ^ ^-ollc ^>3^1 u^l>* ^gA^SJ oJUs 

. ^ jli 


JMw04j ijstj 

j^> c5 ~A$oi oio^c>5 h *r ji-a, 

ljO I <Sj fUL> <fjpl Al^-io Ai^»j ojU J3 O^J fl^O> <^_jl ^>1 
i$lgA^Tl (j b i ll> aS 3 ilgdOj l j c^IaO» ^9 

JLUT^ fwtJ jMsdlj 45 J^)v^L>4a^T«U^Tj JbjftJUbUUjlaa 
coU jOJLsl^l ©^3L iSlj^-l j\ i5 xc-ij 

c^lA^^^b ^ j fL^>bl aS a aoI aS $J$ 

• ^J-\^Vr~i oS^UaS L J LJV k l 1 f ^b> C—O» ^>1> L?1 jlx^l^»^“P>jl 



jA J fvid 

^j_^i^>S)^> a$ cc *-lj^>"i ^LU^-Ai Ji>L) 

A$ C^loL* cS'I^a^jIL» (jljb©j ^ 

cSy> o~oJ>l I j $$>- j>^3 (Sj ^1 djjo5^ olj! cc oUs ^1 

^5jLdLftf^jldia (£1^ 0j^S3 \I 

4,*i. oJb ASt^nil^^iu ji iAjIj Ij 4 X^j ^y> 1 li^ni^A 4 I^Lh 1^>I_?I 

olji aSc— \zy£>\yjf>- C 3^" ■*>?"-> A * ^3*^s* J5 

^1 a5 OaS db L £;jl^ ^iSl^J^I^^-<?Up M~Jt> Jr^U 31 CL 

CL *-'j>' dLl>-l> 4X*»*d& A^j | .0*^1 jldjLiL» J lft> 4"*■■ &> 

(*Jr>- ^ cS_^->U <As»lj jlj f>> ^—>-b 31 

4 S JkX*A b ^..-»^ u? ‘ P 41»Sk4j ^*lS | ^i^ij j*^il 4u«A 

.duS^gj* Jtli.1 1J Jjdd>- 0^31 <£ C^W" 
c^aoli MA^rt'*' <Z= AA) r^b3luy>- 

(A — P P P «Z^ A^) 0^1-?Aj 
03^^. & olji> (A “ t* ) ♦ ‘ Z “ A f') AI**Jb 

(A—t'*^ «Z—Af) < r )^- 

=: *** +* v_&>i 

CE) = (S) + (S) + ^ j> ’ 

1d jCi 

J Aj^5*sJ — ) jjldoUU (_f LfbAjLuudi» ^^>-Aj ^>^>- Aj Jj^>tJ 

•Oi^-3 ^JrT^ — y •f>J-* , J Uj^ljAj 

K tm _^ l ut I jjtfLtf [ t j jLo (JjiA?' Ji oUoLoJ ^iA& >A • ) 

(=1 j O^alP^o^jlij-^A* 4jd>l f'jJSdiAi) 

• ddO^* 


vr 




0>olT 


09j2a GCd^lO^-w4» 0_^J" 

J}b*jb «Aijb aSc«-1 ^+a\l&j\ c£l4*r>*b4> ^IaIj» <^j 1 ^>J 

4$ d~~ib ^b^l -d—d 0^* bolj.3 ^Jr^J 

^yid* (jj^LSdlcii» LW»wJ,>b> 4>t^ij,> oISaj ©15 jljobb jJo 

1. <Aj 1 ^y» (j^^jM^jl JU-JA 4Z-*Jb (jjJ-b! \^UiaS 

aSc^I 0^*^^ P 4*_«*il JJdjtf ^S 4 7 «.« fe 1 ^i.mi>,* i* 

'jZLs*t£> dlz-lj 4» aS c^> Obi) cuo LS *j c£cyl ry>- ja '>U-c- 
b>l V^ (^»> > Obi Ol^j>y Ojyi£31 fy> bbily 

f 15 iiii_ ^>lic- iLJi—ji Olc^b-j j> y* iL3 yyl -*ac- 

j' U-* CJ>- tS* 4 -** c_d 'i J*y ^J~i u-i' J> ' ■>>-> y~i 

y» 15 As^JLj J.SJ ol S X : ?’ ®dljA ^l^ 1 -* t£l*4X£ - > ojljii 

^VtAi ybjj ^ 4> jl^UU 

(Jjli J& £-*>j4* ©^>-Vl)lj Jjs jltijUb ^*©LLc- 4*o-bjl C^JuSaj 

^*.~ -S 1 ^ob ^Sd*-***! d*s j Ob^^^b ‘ ■J'-* - j* 

1 o0u& I 


I^AM* \ 


jl&lj ^sl£>©al^i \> jZLsjSisj^ ^bc- yb* oVo-j yl jl 
J£3i) bjf ^1^ l>- c—1 oU^ 5 c*} 31 ,cA il y d*~o4i ^T 
j . f i> ^ < «^A-W 1 ol c£U*£- 1 31 f job 4$ ( 1 f 

L> o\^> UU p 4*^b <x d>ljS £cd 4 S d*^5 «Aib Obb-^A 

^b» O 1 j d~0 4I^*£> y Jji (J^bti b 4>y>d < A»'Ad Ob ^£>w 

4xdl 4.. a d ^y bj—S jb*~» ( dbsJobjy^Jl ) Cll>*l 0*Ai 

* ®a*aL ( U15 ) y 4«_wl ^b4> V^»aa 4Sd-*^l x 

ob-> ->1 P J OC o l jd L« dJ <0^b>-) A«>b S^ii d«-^»b>- ojloiil^ 4$ 

'bl^bl 4S d*“l (^jIj t 3^1^ oVl> c^jluui t ( oJuj 3^*^ 


aIj Aji b d—1 J^b* <> y-L« yi^31 ^bdb O^bd—A j\ • 1 

• A 1 Hiftfc 1 


A> 


Vf 



JS> 'Z?j» J 



1 f' J5C3, 

oVfcXo ©UJjLoJ J 

^ C—I ^*JLc e-ij-tt 

6vXol#J C«M>1 IftoJi I . lA.wil^» P 4 xmi 1^ CC olj^ 

u^» 4 L^M>l C-fli-OtA ^4 tS I olj ^L-o-^i o-*}^ 

f ^ol Rb. j Io.? c—1 ^1 ouijj L©.j 

c-*^ Po j Oj^Ij SjJjLj Rn j 


JMwli 4 j js*i iSUbojjjj ©Jii jfJ7 vSj y I 

4j^5*j aS oc ob© c£j1 4 S «a— ©,^1—1 U>L 

©L J ©jliAil^ „>l<-*AL»4i .^Lo ^r>-40^s>- j 

aJLwmkJAj ob©^il (JLojCZ^I j\ 4 S 4j) 

cjt*\j ji *s cc. obs b*>>i js obW-^ 

^ < ♦ ♦ ♦ L ) ^MvvliL )«£♦♦<««*<♦♦♦ U Jr** © 

o\->\ J* *S 3jb ( J--A 

ojlasl^ olji^l tjr?’ 1 ^3 <C—1 tSIUl Ojl ^y>- a>-j^ 

* j* ♦ ♦ < ♦ ♦ V li J^U-*» c£j ^1 t£bb obS 0131 c— l<il >-£ 

OC (jlji Ji tJiic' aS 3 ^^ix* |^)Ia> * 1 -^ 1 (£^jl 

4 _o^ a <j^3~» tib ( f ^>- Jo-lj (_$ioJui (_jLy-J> (_£ J ^>1 ^j-uo ) 

<Aj Jk—2» c£jl*Aj 1 J2> aS o-l ^UaJ^IS otip 31 j,* 



J>*IT 


«Aib 

ocoljS JS\ 

(SJ^y\ <JuiS tZ.J^" dU OAaja}4i«j ijbidlilA Lo^fij bA^“ 

^^jIa» . Al^» A b | (if* lll*X1*^b JaI*-* 

Ij A^> f^iAtl f^S_^bSAl>-j.5 (£y^>** c£l^pl 

b ‘^b^SjUj k^ j\ b^U*i U^b^ £?*> •j*. cs"'“‘‘^ 

aSq>«m>1a AjIi . AffO O^^>- 0 Jp £^J > <A-*->- 0«-*« ft lA 1 db 

aCL O^l^oi £TlL>-©lU£lj Oi^b AZ»*JhlA < ©Al 0^£ t£l^1 

4$Cj\(S\y> .A ^S^yO (-flllA OA/>lA 1 t£Al5 JLkSU 

1< C-*-*» b 1 y cil Jb, 1 9 * ♦ a^ <4Jr^" f^Ab ^lai^ 

. A^l,^-* C- i -^aj ©AiIa^sIi 4-o-sJ (j| .ilA^i Jb ) J' ♦ ♦ 0_^>“ 

aS A^l^ £1 v^m» ^-aS| ^aIi J>bJl AjJ^Jj.* cSAlS^I 

<_£b* 0bi9 dh Alfi>i jp*> ^JS\ .AlU (jbj A>*blA ©Al Abl 

( Jb-> r *•♦♦*•• ♦ ) C^jaIi f j-S dl> il aS^j j^l b b 

. iAaA^j lUa.l>l AJLft£» ^^jiA^AJ- 0 *Aa U c A*lS f^5 AaS^j» d’lb* 

v^w^? W^l J}b>b aj.j>lj ©i1aaS(*^j f^-jbll ai^aia 
A>-blA «0u> aU| t£l^>1 ojl«Aj| tAlS^y» J^i© Jbj^b ) J'J t*j£ 
Ali Ia Aib A^?\? ^-o-*-©-^ ^ms>\1C’ AaJI ,<Z+~>\ jl»5 i_ll ^-aAi 0^*1 

4j.^_>t> o*a» aS RaC b ( c—'1 ui t* iA ®iia aS ) OiaIi 

^jtoJA Ab*b Aij «AlS^^oJ l_}b>« A*jU ♦ j* ♦ ♦ < ♦ ) ll (jl ^^-“'Mj’ } 
J>1 ^dSl^ob OaI*-* l^i 1 A^>jAi aS 4jJj>kJ 

• di b 0 : ” ' ^Ab 

^_ia1j jptfb (*Uj aS ( ) Y (J—uj9 ) AjA Oi'A» u~i 

uL-#> ^ibr>-b J—>■! j* r <M «>ci ja aS ^-X_S | 

.Aj^l^yA jLylAi j A9 J) «^-o Iai J o Al 

obiw aS b j f^-jb^i aJjLa (S'j>a\lc’ tgjj obj* obi 

< (Ji*>O^JjJA ) Cm»I Ob? 1 l> Ai^ili» J1IS4S Cwil 

^-iSl ^lAb ®A^^ t£\*ac\ ^yiju ) bi 1 c£|ai^ 5*J oVj^ua»*l» 

AAP li C^jIaj UU ^£>llp ^51 .O^b JA ( A^“ 




i±s*j» j 

X$ — 5 e«Xu AA><Lj aS^j| ^<u<A$ eOlj-i 

> 1^*01 C^^lj **Aw Aj^^u JLw OjH-^O-^ ^J^jI .^Lj’lj < I AZ-Jii 13 

• 0^1 ° iAjL«j ^$L L» oj\^ut (S $j 

« o! jj « » 3i Jai 

Jil—^ A>r-.lj _^ltA»LL ^ »"5 | i ^-oLc' AJL^-St» ^1 


lO! ^oLa 


^^ > ' ( ^ A Ol oa*LlSi_>.S^ya &1^>*1 1^X1/ 


f^-.jij_}l Al mfii i^y>- ^1*2* Ol-?l o„?Leib ^1^^-l^jjl A*jb AS 

a5^L_Tj_^>j^ . «Ajjl^^a ol^jJL*! l^j^Jb O'Aj» OCc^U&eJ b J^j 

_^a A^jlj j\ (S O 1 -^» JX \JXy>- CC g:l^>l (_^U»AJ^ft> 

ol^iuljJ jl 1 ^ t' A OLl—iljJA c-jLlS^jI ! J5 g . JuA*i» ^5 

jj^Lol {j\^£- l£j\ JiO 4 ^* aS 0^13“’ Aj^S^jI «aL-^A>3 

oi s ^ l«Au b AIji^lSl (±f cSU«J» v-AfiJ 

aS 01 ^ c-iU^ Jy^a ap-Aj Ij^l 

Ct^ aS • <A>L» l^-»^ OiW^ 

Ji aS eAjjl^J J OJ.}L>J LoJ^> .JA 31 01 Ji ^ 

c ?ySjy (S^^-'S*- aj Ij c~ib ol t£sh\ xy>- cjL> 

ol-^-a.=>tr A»> 1 >■ asOI jy—p~ cJidjj c<^ jb* iAiS la-u ^z* 

.cXlS ,j«^>J.> ^W^*^3i 

J.^jL> v ^L^> j> oLua jl oc obi jl^ aS jlsli 1 ^^ya 

J 9 I 9 J jl Ju S ^a aJs>L> 1 Ijl^i 1 A T ^fl > aS (^ 5 *^ 

A_S C^l^ioLajl Lu A>» . vAwl—> ^^o-a yS~ ^LalT ^ 1 -«jL 

_jUap«-D A$ ^*ALo OLaj 0 Lk*>J^iJUm» l^J 1 

C—l ^^^/1 C^ljli ^jrtr’iy*y. 0 1 cPL^AAa*^ AS ® lp> 

■ (Jl-*-**’l OC olji 1 ^cLumjI jJ«AaI> Ol (^jI^aAj aS 

(JtAi» oiA-^Lj ( ^ s -w'>LLa Ai^>-jL>- JA aS 0 L*J OLa* 

^_^ljl^S lILuISL» f <X^jujj f ^A ^laiAi ^j£Lo-A jr^" ^Ailaa j)> 7.S 1 ^o!_> al^J* 

—jjlCal u*xa$ 1 1 ^ ~ iv• ^ * 01 _y Lu aS i^utiliiS^jA ^Li^l ^ (^IaLjiiJ 
>-la_il J£*> o^>^l ji \jxy>- jCi u-jL. S ^ a l y* O y? -<Ai^» 


vv 





j»ys j jX» iiS «JlIS oL*jI 1^ t^JkJaA I 
£ o ^^jyl^T dtj(^o^UA> 4T ^wk 5"f 

c—ja <« wUT^ ,jijly » Jf obi 07 ja 

ob^l t£U> J*£& C^U*>Jjl» ob* j\ ^L-ll 4 S (jb 01^ 
uXj!S1a c£1^jJ^aj_^9 .j*j l*cXil^>- ljb4jL«5l w 

ju%T c-oa> <r c*a?Ll& d <5 

o«xij^L^» olji c?j0^* aSjjI^^a O^j 

j J* ^»1 aS <-^W" 5 0->*»l i > ^'^ J -'^ 01 1* 


. q<miI ^a!^ o y 

J y L£*a (jUJ | Al^jS 0 ! J2 0U> J5 

^^Lil *-3^JcOi J5 I *y a obi jr^° (_b 0 ^"* 

-? C£l^p»li4j dL^*9 ^Jlc- O^a aS Ll^La ^y>^=> 

^_ob C^ljO^AJ Sjl* cj^S^yA OJ^-3 ^T 

0_^> 4-_jJI> vOJ Ja jiail aS i\a| Ca-OAj 

^1_ j\j*a&- Aj^iai 4$ <Jui f^Jl*A J L* Obl^j-J C^l^iL-» J} 

CC ob-i Sy>-Ay 0<Xui J^beil aIjLmA ^j 9 b-oAj AV...tt> 

<J_^»«jAj J?_^» ^a j_Jj LmAO | £^LIa ^ LojCLw I a$CL3L> < jlJL* 

41 aw 8 > (Jjl jL . o . t o\jj\ 4$ cJiSd» 4 j J 

y L?1 y Aj^iai «? • C-wl «A^a^^m» Oil^i-j 

t y} 1^1 | ) * A A^ujLc^^ i i v' I OaIjIS' ^Luu) A w ^ 1aJ3L1 1 

ij^Sj\jL»-> ^_a-La aS 0-^1 Al^Jb oVIaAj^ <AjA 

jL^Aa 


C— 1 ALJb^S^ JjUJ ^tSf^pOfjj £[J 

ctoOi «-j & (Vf A^eA^ ) ^JLflS^> ,L»Ui 

-Cjj^ iSC }I L» ^^jLLa jj jU j_jju«U oISajoIS^-jcS I ^j.>b 


1- R W- Gurney 
2. E U- Condon 


VA 



J* J jfcU* 


aS o—l OLi>- C^* 5 ->1 (ji^ 

J}*a> f y J1 AZ*»J& otAj^Lw ^1—>1 ^1^—>4 Ol^^A» OC 0>1-?SL» Ij 

c^L-Jip Omu-> l_^> | ^Si (j$\s>‘ v^)l ~ . S> 1 aS >^a5 

i ~i i^tds <lS O»—1 oJuilwJ 4>ul> 1 J di> 

^>- aS o—l ,>>J ^01 J—j ojloi ,*>>9 a^~* ji ^ >Uc 

l^j i jl L^ljJUiJ'3^>*t_5*"* aSo—1 ttS* J^j* ojl«Ajl 01 Oj^^^ll 

. <J—l) Al—1.3 Al—^ ^*T>"U Ool^Io pSy. >-j3 

,a "Vv^^. csi^^ cW ^->-> *S 4>U^ ^1 
jjaU jj&i : ^A** <6 0—1 °<-Au< ^.mAj (_Jj>- 

JJbS- D ^lapJ OU^JA C—JA J^L? ^oTT 

c~>foT Ja>L>* <U~£> 4f g^gACl* ? j» J1J <r 

y oL\>> 3_}J_J O^ 1 -^ Aj^Jaj^jl £*—O^1 aS O—jta a» L» • 1 

^-jli c^iiajo ^^jl ^jl—jl.S 4> ^LaS La J <3ijldb 0^*1 <Jj 1—a 

tjsrJ *X~S>&JJAJA 0>>fcJAL*4G7jI jL*$lgJ JJ&1 
^jl>- ^Jis jl a^Ij 1 0^*1—> c?Lg>L->* aS 4j^SoL*> «fcAj^fkAi 

. Ooloj^J 3 ^> , ^a Ol Jb yZt 

<* j>-} ^jrt jL» O^-* J^Uj cx o>l->i> O^Ai cjU- l> a$ oi^^*> 

A)^—J aJo?19^__> iSjyie* ^Aj 0—1 Aj ^>0 J jJ^beSl iJL^J-i aSc^IaI—J b 
• ^(jr* e-A*- «y ^ oljio»j>^Aj ^U»! A* j 3^5^ 

Sil^jU- ^1^1 jl <^-1 X>>* J-i aS l^A^il JllA 01 >^Aj 

Uj 3 asi!^ JUrl a W < 2 L 03 J> r 1 ^ ThC 

ThC Ai^ £>jy&** <S^ Oi^^ Kj~i ThC aa-*ji> . ^%-dS^jA 'j —Ss 
Al Ol C~JU 'Jijri t' ♦ A 01 e^yloj^ aS 
i — 11 s ^, ^1^^ ^ »<S Aa^I^a (.aL JJ*A^Aj ^Sl • ^,^-wi 1 (^jj4 3a£ 
aioU A f ^^ jU i* wkr*A r^AS^L*^ aS 

iS\^> ThC AjJ-^J Aa^*iJ Oi^U* . o—l L-J^- A ^ 

^^>-jl ( P ZjS Ij ) ^ljl jl^dlj aS o-lfjV jjUj jljbU a£j 1 

^to^Ai <Z*±fi> 01 _>1 < _ r a J U» j J5 ^jU-lA <^>^» CjJy* AjJ tXlS ^jL>- 

.OiUi ^ili OaI* CJjy+o 





^ Jd«o j_J—o^PJd 4^ (C l<4Z*»i£> 4$ Ju 3 ^<fcljjjl .^1^*0 

L "d a la^MUil ^ ^ ^lOu* I ^ ."'^" .--<h 

d^-jl dlj| C’^* _>1 ><OIj *djjl C~wd4> yj\ Udj^>- ^ ^ Jdl*J 

do | O J J^*»4i C) J J * J ^ " a ~ 1 • dJlS^dL»^ 

‘Mm&Ai 4jd*^4j f ( 00-**» ) djld 1 OJJ J 

^^-j! Ojj y} 01 4S c?L.>»^ ) d^.^* Jd^o 0_^^S Coli 

J 3&>y> Ol-* 301 Ij & {,$*?** J^ • (djld 1 T* 

^ c{k-2*^± fli4» c£dl»o.,£jld (S l^l^j 1 dj^>\5 J i $* 

(S^J ^ ol-?d C*^ (*^ 'C^^C-cJ C^lo^lj O j^d d^J od^S 

s j*& i 2>- ejl^S jl «_^JJ2A ^^1 ^_)_5 <c*^^ l _>ls" 

.1 Oj^ 


U*T4j c-iJ^jb 

•» M • • 

dld oUi j^.xS l ^»dlj j^Ll^- (J^A^eilj (C-O-S oLiJiSI 

^£id$vlj4j jj^oCS'^y- ^JCa-tt 4,£odjl Jd ^ii-»^ 0Ol^5L-o-S 4 S 

Ol*od^*L*> .^1 &S(S ^w»LLc- JS\ . di l4l$ - ? t yo> j Jalf- al_)4i pfr Old-^>" 
^u^So aJlOl«> ^15^9 jllS (Oljd^j J2 5 djjldJ t£j]dj U } 0 L 0 ^2J2> 

< dj yZi ^_Jjd tS ^.^jd50 4j 4 S JbLz^Jb 01 (J^l$ ( do 14X5^5 j1 y ^o^ZS' 

Lcla cJ L>- J2> 4$ yl*£ju «. dj^* Jd 4$ d jSjJ l» 0^^ 

^y>- jO- dodC <J-nl^£- Jjjll' OswJd djjld 0 L 0 cJU>- 

. djC ^jdJj^*s> dul ^L) ^£-^La* 

^l_3<did^>^^’ C»*»^—u» 4j0r.<gTg^a ol ^51—o-*-S 4 JlJ1 

jL-d-^-l fd01 ^ ol^J h« I^j aS o—jld do L 

4» ^)^6J«oa ^gi O »- £>_} jlO^l *^-»!3 idJLl-wld 

4oO4. 1 .t.> ff > ^*0 (dj 1 (C-wd 

^SdS^Jiy-J^ y>" Iaj A^*»^A3 I_j0l^5L^-d aJlo^- .O*** 1 ^ 


1- M- Dirac 



iZf J* J (<XJ 

JoblSod.*»! (jjjUnJ l^A-JLs^aL» «A£>l_^>eJ 

• Jc*S IjjpjjL» Ja>-L> i\i_^&£Ls_J 

ryl a^—* 

ajlS*U<sli^!^ lsI^ i{^W^iS jL>-U <<xiS 
Oy^ ai~.&> i_^>-jl<vS ^bob^ obi 

o£o\/S a S ^jb jbz>-b.> Ij)«.i5* \ ^ob ^^Ll&aS 

Aj IfbAj^lS ^j|l> JoLu» « JuJl S ^/L>- /1 Ob^y <£j y b I J* 

0l>^>J ol> C^jli ^9j\jCLj* cJl—>■ j^aS dl^w ^aoII^ A1^3> 

Olm» cJ>«-VJbA» Ih>aJ^15^j Ij! ^*iuuA^ ^-S»l>(j 1 \ 3 ( »*->»^ ciA-bi 

Aj ( ^>- AJU^fc <J^b J^aS 01.? ^jo^i Al^J* jLaJ»jl 

0^^ f b | cjlSj^Ia aS Ay£Aj<Ju I . 3J_5 l j\> o I e>b 

^«-m*>-j1aS b oCj^^^ob^-^c-^AjL.0 1 ^ ) ^JU>»a> ^yl 

A» aS .i^5> {^-«yl A^-^La 3j> o$Jj\ o-^A> ^uS T ^ib 

! os^Ls» bl<$j 1 5 «/oJy-£~* aS> jr*'^ ^ifbl^* <JLUl uAj ^1 j j 

f jyAuiiC c 

««juSobb*-* b^ylAs—* o^ly ^jyy b a^j1j1^«> aJu»U^> 

/lir vZ-*-^^a> t^lAi^U *£Aj j )b ^Uaj c£j <jb^SLijlyb 

^Sc,m\ . JuS^j.1^ c£^b jf^Slc- ^a yl (_>j^sij^ obb* A <jp 1 

bi |jl aS iAJLiS j>- Ouj^ t t\s>-J}S> djljul (j I AI^JI» C^1 jJ>a]^Jl5aS tSi c^Li 
c-loT O^J c jw>- ,uwdu j -? < v “■'l.i^) ^ y uSCf 1 ( t jl^l 1 <A-> 

^L»! jb-ooJuLlS fiA^La^ lHj>-_^S obi^jji S J^ U> -ia>-^lc?jb 5 CpaS 
. C—i^ <_$U*>Aj^l5 < ^-*" Ja^-^i C^jb 

U Jj! JjU?l ^bAj V^^aa jlS'Ai 

^1 tl?ib^ W 1 cj^ c/'b»b *^x^aIj 3^^ 

,)1—5^jkL 0L*^jl ^-«ni5 ji ot(^S^stj oU^aS 

_^a «A-Jy ajlArd;b l^i| o b^- aS ^b^ ^y .T j cJl 


1 • Patrick Blackett 




aS <Sjl5 jl Ou jIaaS <_£ajJLii (jlcX-wAl> UaJ^15^1 .<XLlS 

<^l^a^jij^>- allS^A Idij kXl*9l^OL^ b l-> 

J^L C?jlJ30<Xa oiL>^l . aijIaS^t» C?L>>^j (oa£> z = ) o<Xj ^ 
j A;>-^g> CL <_£l—&> a)^15 ®«-Vo^j <S\ — 

.oj^^S^y »^4 c^aIc-cJIs^^a j ai^S^ jl> Ija^>- 

K J^* r (OaC o<aJ^j_) ( ^^^c^ r d-S ^jl tj \ c£j 15^Sl 

dX> j* 1 «A«>»*o ol <a^L oa-i ^L^l i_; 1 _^L>t>l»©aAl 

aS 0->*»l »_j i ^)L>J o^l j\ ^j! j) A jliAjtAj cJ^j y_ t^l^A^jl 

la^^S J^3 oialc- oib”- l^> 1 ^jUaj^ jLi-J ijS oOi>J W^>i <-£j^ 
^yshs CL a]^15 jz~~a JA Aol LS^-i->^. V^V o*} ^-? * 
c-Sc^jl5 Oto* ja aS cffjUjtU o^S J>\ ojU^4> 

AJ.^1—> aS cS j>- ^ IaS 3^£»^a C-o J J Ai^5<jL* jCS 

• ^*<»J OLo^ I 

. (1 V jCi) O^MJ 1 C^loLw jl. **~> oL^»^(3LL>1 (^5*9 JilpJji 

Ol (B) L^IaJL-C» ( ^»^4^^aS (A)^O^ Ail^Z-u»l^l c—l O-?l-^0l (j^Lwl 

a5^*I^I-»0 aJOwJ A» «Jol^J^A (C )0 j^I ^. ^ 0 I (^J-^-la <ajli^4^A Ij 

OLj» aI^jIs .«JuS CsSJ>- ^j-oblj VU Ai oiAJLj o^la Ol-^j cS^J j* 

jIS^aIj ) I^£> ^y 1 

JS\ . vj^uwl 01 ol j4J& v_j | jU*t> ooJ^^i 

^ylgSli CjJ Aj 0^a«-j HE) o^r^i ®IjjI c3U»1a» c^IaJ^IS 

l_ j I jlsei J ^3' ^ C* (J I (_£^/L—4 f 3^w OiAi-muS Osi^ ^v-r^ 

aJ^JiS Ja^* lOl^^l ^ -jl 0_?^-oA> Ol JA 

(D)^i-> ^ c£aj>a£ j^l> l^A^ jl^i ,^»1 • a^ | ^ja 

Aj A* ^I^jaS O—u»! Oi^ 11 Oo<uw <Aj 

U au! Jr-^J Co j j J->li 0>~3 dijjlij oL^ 

^^0^^ ^ai A^uo^jU ‘aJjU^j 0131 (F)^^ 

jl aS auli^l^ fcLoJl ^Jli A9jjl» V^OAA 0o^3»elj ^>»1 . 1 

.adS jy& al>l c£UaJ^ 15 Ol 






1 V J5L^ 
0 ^—Aj _j ^>1 «3^»^ 


i . fl_3^j! 0j^i^.Ai C^S j2*- aJl-m^A* iSSjZ*" A> ^5^ Aa 

„?Lo-£A» «AitA^dlj cJ^ I «J t \^~* *^-*-*0 

j\ ^1-0 j 01 aL^-j Aij 

■?i->^S. 


JjJji*» |»yl j^LCi 

1^) c5L_^a^j\ 0 t -^ / 0^^*-* 4^> 1 C$i^> w*J"^0 

\jsy>" L?U»I I^J-oaS 0-“’1<-^ ^L.£j>-1 c) I ^>- ^Jr'-'J"^ * '-^5 .jlyi ^jyOijst) 

'j+S'CLo L> <j 1 A"->*«ft» ^ A»««*J 1 . 

l.^jfcy’l o1_>L_*a C^I&aJ^JCS ^1 ^^OaS O-0 ]nA$2 i O-0 

IjO 1 ^ ai^**s> OLaa jliS ^ > j s T^iJ^ 

^)jl iS yl Ot-ir 413^5^5 ^>1 Q**SLc- 









■*-_? tLyili^i<^<S])ij4S u*m^C AscA^jl ^l*ldo 

oljia9 oOujLoJ jl ltX>- c^I^aLlAj O^w^y» olAj^ (f') ©jU-i 




4x> 


OtoOS ^y-*J «dJir^yJ o<Aj3 4Z*Jt>4» OCoijS 

C^l —*SCS | jl ^1 j . Ja^- C—' j3 (JUal jl 

C«~*> l<$i 1 ® f t* < * ♦ * t _y*i) c£^bj 

ob<yOLijO-3_5^-y c£l&*_y 1 A^«jbUI_> CC olji X> j^^aSc^Ij 

(jLiJ ^y^-4) C^U 41^.^ L a oU-> X>_P^ «-i^LaT ^ ^1 

c* ** «-y 0 I ‘Ay»| v ^Jj^ 0l>> 4>y>iJ 5 (J^aS ^y-i^L jJsIVaS 

Af 



jui j $>■ j 

<£j^-»1 OzJ3 I 0*0^* ^Sskjo&J Ob^^5 jldJL&A» iAjJ e>- A*^$j4S 

.JiJjL © b Cy\j\ JjU ^3 

■, 4,\„i.Mi_jAj 4^1 iMt^h ««> 3 Aj jl^So 

i->Olc£b^b^dj^iobOL-’j^ta^Ok ^11 ©^»^7 a&Jl*>js &<Xa | 

0«^^ A^Jb l* CC © 5J3^“jA A$ ©JloL«j aS 

©jitlL jri?^ Oii (►**'-> 0 A) ojioJI» A1S£jJyo 

±3^^ dlo^J OJ3jZy f^l A* ob^b c-e^l> aS 0^ b CL 

bf^d*J Asyjj 01 (SjJy .JulS^a IjUJ f,>Lua70 | 

A —> Aj^jb b^-b j\ (OJj»b AX—£> <jr*"-) AL ■orr^^r” 

•uiUi, jlj L Al^Jb oJoLo^U Jb’O^'-^-? yA>- 

aisjOL-»-?! oe o_>i ,>y>- ^j| b^j<j-* jIiSa* f.>La7 £^ 9 .? b^bl 

0-b,/^ AZ^JbjS pUu O^J3 OC ©jSaS Ar»c^ Utljljl^ 

• O-b ©tX-i 01 & 'j 3 ? 5 A29j 

C) J 3 ©Jww Aj^JLj f^OajbAS c£1ai**J© I y Lo 
Ir...tt » Aj A2^u&> dl —j L) CC ©jS di> 0<-^ A9\^p\ j| A^lli i C^~-J 

Obt axam^ dX>lj) O^o^^ dl> c^)«a^axau^^ 0j 3j*-*-* 

jI»aS C—'io i f.sL.flJ 4 OyjS . .>jb 0.5 d© ^-*lS O )3 ^ 


A19 bLkbi 4 -^ b^.5Cg- L^JJ^IaS «Ajl> |j^l . J 

_^&0~OAj <-Vjjb cJb-.5 Ai^=»Jj3A$ J> bi J4 .A J U* b^-" b <b Aj $2+*!^* 

♦ y^yj de bb* I Oa^Js* C^i^cS - 3JO\ A$CXi i iAj I 

cs £u->0l ^ j>, ^y*K_z* ^®-^3dli 3 IaS o^i j!«aL* 

iJIjI aS tXi»U jl> ©jlail^y»> j X?b 

() A) ©jU-i JsCi <S3jj\ oy^^-? ^l LA c- 

C^iAo-lj o«Jl>» 1 O—^JiLusu jIaS (_^1 A>-Li)_J^ v^a^A^LwaS Cjljji O^b 
J?j^jUaS lAjL <ji}j < ^iSjU oJujlr AI^mJ^^aS CC OJ5 bi-^i 
0 y3jl^\> Oi \j* bi-5 «C— \j^oS CC ©jS ^Jy, A?-U 

c <w i ■ ! -£■ ^Lm»> A>Liji O^i c*^ij A>Li O b* ji •<Xwl} 

Xmi *>» Alwft jLaS | oJujI«j 


. I 





'j J» W 


ojidul Ai (j I f ^y>- J ( “4“ Y - 1 ) Oo-ljtib SjIjuIaj O-?. 

O J J i OjS^A loy ( “j- 1 ) 

.^Acl» ,y < ) Y y ^ OJJ y V 

cSL^o^j! OtA* 0 OL-*xj 4f c«*>f^**>' . ) Vy»yl Ojjj A 
^JiAa« J yy ttTI 4j I LiM a otj^b 

^^j«A^1sAj j^JjJUj o^L^^^hAS 0^^5L-o>* 5> y 5 \y>'} 

4 *“ 

^ •( H J^) al> <_^ LoJ < _y L o -.w oVl*iilj (3*® 

4^j 1 <_$l>- 4>4S C-*—4 ,y 1 ijl.3 
♦ i^'l* L>Jj JL^l> ^laj _p 

^y^ ^ 1 5^m> A . cS <Xi L v^Jlla^ ‘.I 



J 0J^~Sl <_£L_S&AI-*Jb ^IoSCjU C^Uai^J* fj>LaT j\ 

OiX^j AI^iy j^LlC’ ti>Vl—> aS (,£^1cAC-I . Oo 1 0-*OAi 

»1 l^j | ^y»y! OJ$ eJujLftj 


. 4 ,. 9 JU*i \ 


1 ^ aXJ I c£L>“ 4 j < oiA-i 

yjl C^L>l«A 0<£>- y^o-S* Ai^ O-?^ 1 V 1 UJJ *XiU Al^Srli 

y >-(£ly IaS< yy f I j1 t _ r ly . ^Awlyi^ 

O'? _} C~wl yj|jlyJ3 (j| lC-^1 0 s ^,.*~$l j\ 

jjUjouo^ ♦j*rji_? 1^,-A^U/l ^4,2^* l>0 1 j1«Ajl*aS ^^i^y&oJuLLoi 

.C- 1 0 W 

OJy> y aL-wJAj aS c£^$Co C^I^LjLo! 

jL-^i OC O^J" ^y I^^LLc-aS f j^L*-* 



A *liT J» J 


4^j | yrl oVLcijl^ jlllS 

*(Z ^ (Z” vl^»l ^/»0^ .OLicXflhl^>- 

ck°y W • (Z— 1 f) ** (Z— il) o-o>- J~i‘-v L-i 

tfjio*) c~j .(Z=if) (Z =ir) 

jojoj 43 c-*»f di>y\?L«j oVU ^fjf *ib jp>j& 

iS^ jt*S\SJjp04* j*sS o jiVb o*AA OOLaj j*a*C 

£*£• ^ 0 jf j\ sj Ji> jmpLc 

0jJ6 J^bcjt fjJ^J 4j j» 


4_S *P y**AA t£l^i l*_J | 4*£> _?,> 

l^o‘OSj^ J&"4* OC olji <^JJo^ oySll 

i ^oij c£i^s^4»4S oj^^> c^b^i^1S l^Jo 

C?U-4i ^51 a 5 0^-1— jlslil b c-Jda* ^1 ^L» cjl^S^j I 

^oLjjUaijl O^y^^* CL ol J5 

(« Cm>> b \ji£y&' 
lAibly*-^. 1 -o. S (Jb-pll^jl^JjU<J>lp>4JLi»^l> (JJcicS-lo^J ^I^IJ6 >aS 

4«*- * (Ji>*b<» c^> *».? 

U**<^ j lij* i 1 Jjl (JLoxLwll) - '..wiAS Ijl ^LuwJ 

. du | O-O 4 » 43^j5jly 4*JUaJOJ^>a (jySlT 4^ilyl*S 

j* ix» ji ^>> 4 » .>>>■ 

I • t *l I . I <* l 




ob^ii^bl ^ ^ypAjiSc^lo^»>> fjV ^ 

^ly» ^JSi ^) 03 j>aJ c5l^»yl 4» O^b obiiL-»^4j 1_ 

a>^>j ^ .ajjLw ^1 y«Aj0-i» j L—j ^ (o i 

| ji 43^S oj^>o 

O.J .c-l o^ N cif J^ir J c^J iltAjiimUjj C 


.*• a 


1 • J. Cockcroft 


AV 







c£Iaz-i*o ^^3 & ♦ ♦ ( ♦ ♦ * iS 1 oilaJL^lL» 

^5! .duSd-^J A-jU^ ( ^JLa_jJLS )♦<♦♦♦ £*£■ ^wli {^jl Jjo 

ocobi c^J^bl j y-&> »<a^ ^1 c^j^j|dj>- 

aL~ui_ 5 Ai l—1^1 AX*«lb (jbb*JJ-b ijjlAI^jl y ^jl iO—1 

Al,*0 A^lsljl 091 J^S\S . lX-L iS oIaZ*«! C^JLaIjI^ 

C^jlu»i4Sju!i A>^Ij» < LV^UTf^ T.lj| o^jdil c5»1a z*d2-*o 
c£jL~I>a £.y>-3S A»J Xl*JsLz> L-^p^J 3^j* Lr L>oJi L^lgja^bl 

( . $jIj oOo 3 Ol> U — I — III j*y*&* Aptiup) 0—1 odLw ^JLLa 

„>.> AIS^S CjJ^y oJL>- ^jI^aS l_X_£l A^*.£> JLiAilAbbo 
_4 a*J£>^£L 3) f_^Lu» 3JO\ J b (f ♦ )<j5Cj!> 

J^Ljl .wUj^ C-,*4) ^U-f^b f»juxJ^ Ojjjjj i£[p> 

U J 3 jJjOuj AIS^5 ubb©J aJL-m»^Ai aS ^j'VU iib 

N o^ifb J^o bu^^A. 


© + © 





. lAj 1 oc o jS >iL) 

Y N Nf -h\HWC NN +xHe* 


3 | (2) 1 ^AC- 01 A 0 I 4 J ®Aii Vlj 

«JUjIoJ odo Ji Olt^Vl»^ C— b <-i ^ybj-idS (_£j>dlC- 

«w?Z .? A fls jl £. 3 *^* ^ «-OOlj AlOb A>-^J . 0—1 

O^ 1 jSdbtf u3\ J 3*->&->* m C*A*; 1 I^a <a£ 1> l» <JoV^L«j»}) 

.0—1 ?G^ ^ 3 **** G 3 ^^^ aS 0>*«jb duljJ eduo | O—^A> 


AA 




kXJLjj^ kir j* j ia*» 

. < _ / L«xo oc i-^T" a**» a> ^ ObU> ^>1 C-^Hj 2 > aS c*-*^ 

6 B" + \H n —► x He^+ vHe^H- x He* 

v!UiS*Ajl» O^j aJu^JA» AZ«,ib (JvXi Al^SCj* <JL*I^>-1 

CjJyo olb C*)l>- jl ( _j— tyC- 1 A>-^5 aS 

Ob* ^l> i < JjjUaJ (S ^Isu o^JL^i U aS iS5 ) 

©oijl; <^lgS £ 5 j,* <SjJ>\ *C~*\ Ji L J* Ot^ 

A 1 m , | t fr 1 lA m \ V " • « 1 1 BiAm 1' )I _,'L—&J jjbIaP ^bjj| 1 ) J j - 

tsl^B aS c-jU l> .^^Bj-S^ OJ_^s> ^ 0^ 

4 ^ {h J^-o Jr^ ^J 1 * -A JO c£j^i L» y 5^* 

• C~»-l D 3 !<juj 

^•yuaj* vxj J _J l» 0*9 f 0-»oAi jI>^-^Iaab^u aS 

o^ I a I bmiI (^l^i Ij ft|j ,il_)J \Z**&jMt U ^)l^J^JAtLuO 

J U AX**ibA> (JjLtaA-aJi c£^9 1» (3^> jl 

(jl^^ Aw^S IaJ 1 

l^5f ^ O^Slj^S c^I^aUa» a$ ju:^.» <J^-*^ 

J 3j-i ^ - PJSja j ( jITa, C*s\j£SK aS ^y jl ) 

.Ooyi/^A oJLoftlj Ojjf 

£jS~L* J)j* b vSl^K^o jji 

^LiTjta c i^js _31 1 jsy>~ ^ 'j&SJjA ^5* 

(J^l.> oJLi»U^> tjy£s+JZi\ j j\$ oI^aj aS U 

(T .iAAil^>'^» (j^iJb C^U ^m*S C^U | D oJ ^9J 

O 1 Lf.fl,«« _>l aS lSju. _>LS y 1_^ oL*ji . J ySi 

• i^S ^jb iJU l_j ©_.S 0 5 l£ U_3 bj:,_*_ j aijbcj^I JuiS 


1- Merle Tuve 

2- L- Hafstad 






‘^UvJLej fJL yj£ o^>^j\ J^-b aS $y fjV 
a_Jj>jL» t -33b" < ^ < ^—* 0lj3 <_£jl^*>lj 

^ l — » O! K *f** M> v-JUs*® A*J& . S j — 35 <ZjJy*° Ol ( 3 ^^* 

ul 4 ^? ■* y* •>}**?* 5* Or^ o^3^- Oi^** J& 

4i® ^Sjl ^ ol j:> c£_? olCz-o aS ^U»! ^3 j:> a S \j ^jS 

Jui^> ^aj U <Aj^jS ^a dJt/j Ju* 1 (olxSO^b IV bb~^ j>$*&> As>30?) 

• 1 I ^Mi ji ^ 

'gi <0^1 O^aJl» L» A«J&1a jJ w\jys««»Ai ^ ^z5b 4^ ^j^JLSl 
j\ ^®4(JliiA A J y* \j<£j olCi^^jl ©\£z>«0 (S ^z£~~> C*9-i U aS C~3 Ol 

J>\o oJul^>- 412 .wf j^La A>rf j b a<JL*jl^£>- (Aj Lz . 

l ^> m J^>’ ^tl=u*4_> jU a ob ^5jl> (^.slib^-^-Aj O^j’ aS J-il> 
Olibji^ O^ Ai^>J^j.l U ^j-JA boOLS^i -^il^ 01 

v_3^>t.» _ S 4 » ^b 4Z*0 aS b <3 ^ ©OuiijL 

Ol* ^^b^b bOl .? «AUS^^j* <3IjOJ 3 t£jl« J ^'b>**' fctf *JJi 

^ l J^k £jJy*o b.> • ( Y 1 (_J^-—) <-Alj*o^» JL^jj 1(w5^>ia 

b 0 >>- •'-^^ li y i Jb^l ^Sjy q^»aj ^LJa, 

£<Jj. ** '-> a^jj* »-£ ojjlw j J*-* 

(_£lft>45^>- 01 Ai c£^b> O^aJl^wJAj } JujL -jfi jJjbl^cici 

.OuaS iaJ^j C^Julb ^9ji 
el^ZLw^ ^y \ U J 3 J l* (^ljt>oJ^*i 

oli ^—^>-1 0 U^> 1 — oL^jr?- j- 2 > azJI (l > 1 01 ^-> 0 ^ J3 1 ^^' 

c J^>-\3 aL-wJ 4» c^iU (>< ^- ^jU JUzil yiA .C--J 6 

al^Z-oOl C^l^Aj A^Jo 1 ^^S^o.j O Jy*& ©JLi^U Oi^'^S 0-5 
clT”-^ 0 "^ ®^ (*^l«Ju* (J^liAj aS C-wl jl^^ c^^l> JLa^jl 

< S J^jt*J^iLMjl 0\-z* ^jlou^Lrfijl 1 ^ aSjlL»^SOAj : 

f^^a» Oj_S 0 ^-»»*®Aj a_S c^lo^5 j OUzi>-L- ( ^—>U j,i ^-®lj 

j^j LftJ^iL*»j 1 ^j-> J \ \j jU AZ^-^O J lA^^y. ob^i L,".^l 


1 • Van de Graff 



'i? j» j 



^ 1 JjM)j\ L)f>- . L? l> A^J 1 i-* {Jt L*> 1 

OJj* xta jU «6 i j l ^2?y> *J± 

.<^,5^* &S jy S jU iJujl^M 01** j 



0>oU* frjyar 


. .*»© ^ ^b- ^ <J*—j 'biS-^JOi' 4 ^ a >b'A^*°J^ 4 ^ 

(i*_»>bSoi©b v) ®-?b— ^j* y**** i 

A» ^9^» J6 A» iXii jr*—* ^-j I aJu 3.} dCp>- «dO_o^» 

4j aS C?1 jJ JibJ _^l A^>-^S1 . dw^^-o ob Oj^^-b Cb 

2»y^ ^a ludi C$d>- ^b-C- < 0 +m.o c£d>- dj | ^o O—dA) ^jl 

Ob® J ^uuui ojldilAi ^9 ^3 ^iau O^^ dS O—'o^P*- ^>1 jl 01 ^ 
y Juj^ya 49 jp>- ©jo <u.p-Lw ol (S y j ^ *Si£ ^£»j» <£ 2 ^ jp '^y^y 0 ^ 

b d> | er* Ofi'i 

o*-*" I ^jS^—o--** i tXwL» ©^Jld^ Ob'J J 4 b*o^' 4 ^ aS ts\* ^Sl> 
obi y Oy-Zy^ JJ i' _ v..gl~jicja C-S^sdl^j j~j obi j' ^jU.4^^ 

A$ c—1 4j j^S O'd» ^j* 1 y J>b«l l^j 1 ^j> Uai ^ f ^ -V...J AJOft>J lil 1 

$j\y U j\ 01 jbSbk aS^Iao^ A]^b^ 1 j ^kbo» op 'j^ 

^jl^Jbajlob^'b^illsw O-o—S^J Ol._^Jd jLlSj ©dCjjL ©^S 

1 od£-li A» dt) jb aS ^©~iaC- jL-moJ OPL» b*>i 0^>" • dJLlS db> 

o\^ioLa^>1 .>_>b 3 dj^dS^© l£—& ^bli %^>d» jl <dLw lSUjl^ a)J 
4S^©b»5*-1 (£yj b obi \ aS O-' btibd_5 ‘ 

©l^wtLo^l Jd • di„)b>^A 4 j>-j^L* A 1.9^5 jl ^ji y A*iUaj& 2>Jy* 

^jr?tl->s T£til VlJ-5 Vt 5 ^ oVl -? W^W-1 Jfclb d'_J t5^i^ii 

. JaAjtfJ Cm) {^b^ulb c£bA»^s*) ^>b) 1 4,b«<*i_^Aj A$^_>b y 'J 

03 y 3 &+~ j 

f^jl AJLwffc AjJyS^j (_£l ^^Sb» ^3j* dj jj* jj'Lwl ^jd)^ A£0b>- 


O'jbi j' oia9b>ft JibJ jl b-oAj ^^jb- ^1 ■ ) 

_ ©l£j 0b>- b' aS o-l (*^V o^>* obl A^lia ojl^ o y y j£o 

4ocAm9 a 5 c^dJ^jo Ji -dlSJ _>> J ijb 

«XL>- .>lCL9 0*5*0JaSbe-© ©^S od-i ©ib ( IV ) ®->b— ^y^ 

Ol^LoJ '^ 0^3 4 i-»b $y£~ ^1 y 3^b j'^9 >> 

• VL b^bs ds» 



i£S*jh j 

t ! a> 3 l> LLi j jlii’ | _)$ aS otA^i» j* 

j-zS$ aJL-^^Aa Lj^yLjfe' jli aS OSji^SL 1^ el^JUO Jj 

^Lwi^Oj^iLi (Sjj j* <a^>au>-Lm) .^^Vw*—* j\ 
«AllS cJj O^i-* AJL>- 5 * ji L / , J r i j U Ij oIja asCAT 

^ljj .3 cSj>- a> Ij oOa AS $\$j \^ ^1 ^ Ija^^^L»! 

OaIa l» AJj^^a aS j^. 5 jljuajl AiaJliJ i J.5 

.Ajfc.^ lj Igi I (Sj ^il c£JuA^> 

ijlj^AA» o j >1.5 jltLft lj oAjL j\ji ojSdij A^Ij | C^l^ 

«JuSO j\j$ ^sAySC^ tjlAUj&JA l_j| a 5 O-'IfjV 

A$ ^fcw^JgLuL* OlA--o ^jLa«Aa-* cilj^3 _^i Astil ^ji Lo is>- 

<J*j 1 a 1 ^J ^>- 1 j 'j ^jb A-iUoA^ijl» oJ3 C*S^>- C*^>- 

1—> J>> ^ JA olji> (j>> .AlS c 5^ «-Slo^U l£jj j* 1j A^Li^y» 

<Sjj*\ <£ jl*Aitt Oj 1 ^a I 4 J 1 ^ aS« ^ ^4 C^Uaj j^9 » 
A>t*jcj O Ia, jl aS 'J^^a ^Sca*^»- ^liAift i 

^zSjJj JUJAj o^jU jlju ^UjL Ol^iLoJ jZ53>-jS AX5JA^9J 

0 £-l > C***>JA ^IiAa J^L> aI^A -^1 (_r“*J. 2 ^ *^1 • A-A A£>l^r>- 

Ol-*-? AJLw^j £] 'J^CLa oJ3 aS^^^A» < 

JL_ft>l^>- o^U Ol 4 ^ ^9^1 jU.9 aS 

^1 ^Li»9 U J j) tj?l j* 4 — S C^wl 0^>" ^J^4>Ji>A4 .0-^<a5 

Aj AjftL^» Ij C^aI^ jJdi> _jl aS *aIaX^ 1 ~.il—T js 

.(rrjsCi) 

Ac^LmiLjA ^ "^!^ t y+*J3^ a!^w^4> A$ ( ^ 

jl^P-Lj < i (ol^Sol^lj I1 

^Al^- A yl> ol^A-Ajl *JA a£J | 

di> O 'j^S> { ^* \l>Jy& A^li j\ c^lAiar>-yj> ^JjU jxC- j~Sj$ ‘i^^A jS J_J3 
jli*d ol^L«(^ jl fl£.li*> ASc^J^isAi «tXL>^ya ^9 ^4 4>^ 

^1 Aijl^ 5 L aS oUa ^jl OjIa oiJ O^Ja» <Al>- 5 JJ> 


1- Ernest 0 . Lawrence 





4j3 ^5 j\ ^ 1 jL*O^U J2 1^*-» fljl» aj u>^-* 

.3 J$> o^)UjLwl £jp JT& 5 ^y*<^5* 

2 £.y 1^*1 j><5 aS oljS c?U^4jli*i 3 l» ,j£»Lol 

_ J ^Li 1 Jk _o j^iUa» 1^ C>b^ K -^''J~' 

oJl^ AI~~fi>A> ^A oVUiiij JaSA* L* ci^<0 ,yW 

^»Ai>^> «^Jl>- AuJb j_Jj »Aaj libcO ,>„?_} KyJAAi • (_^wl 

j\ j-9 3^™ J*^-».» <J?Lo o>\ j fl®^ 

• 0*^1 







vU si?j* j 

oj io>- «c 05U »<51* 

A>c.^3j J3 (Ai>- L> AZ^aSJ Lwo i A£*».£b <_Jj J^-9 C*^ 

^l A2»-^S A_S C^wl Ci>likAJ^Jj5 ^>1 (_£«AjLXi> «_^l^L"S1 

• c** m O I^ 1 olo*>L^ j^>l» ol^>- 

Oi^ el_>j ^ ^li> L < 

i U—!_>!> Ij jJi^S aJjIS C)\jl£- A Zm*&> OljLj-*-> C^l« l^j 3^*5* 

C?1a*s1^> (S3jr^ ^Jb O-*-.j I ol^* 4So<^>“<jl->l A>- 

A» 0>-l A> JujI^j^a 3jlJ I^jI^ jLj^J c£U>A^A> «-3^1» jl 

.aiiS 3^JU f 1 AI_*~£> O^o-'^’^*' 

i ^ y A ■*>?*.? ^^5 

1 ^ t* t* J l*»» J3 l^j I 3^>„? (J-J-S (^ 5 * bOJ^> 0^> aI^wJA» 

(J<3>1W ^)1 . 0*0*11 Cutf^ A, c£_? ->&♦* 

^Uf^Jb jl ol ^ I j* aS^mp^o^o» £-£owJ aS .3^ Cj^ 

cyU^ 31 c—1 ojL^ 3 ^^ 

(j^J >- ^AX^A>0l-<>-^‘ <Ju | ^C~OA>JUi-Slj (JmS A>t*jJ J3 aS C^Iajl,^* C—1 

• l_^W 1 ^u, 

J.3 fil^W el.? jl V^*AA Ijl^jj^>>j^>L>- 0L®JJ^ 

C^tgi^jASCi 1 ^.OuJ^j^^A Cw3Aj 

C-5^>*A»JlLL» ^ylu^jlj^ili Ju«-)C>* c£1&«a1^aj1 0-^J-^—» 

aS cli jliAil^* v^IjLoIa C^1®^Lb (S J J 'J* 1 J l^j 1 

(JLojI ^^>tx5Cj a» (_]>>■ ta <j?1^ja^jI <jl 

J oJUiJ^i^^AO-O aS^j Igjo^L^aj AajtJlj J3 . <Aj loI iA^j 
, a *\s* aI^Ua £ij~> 

nD x + \D y -+ tHe r + .n N 

c£L>c*Jb JUajIJ ^JaS 1 j\ {£ (J^aPeA ^ O- ^ ^gA A_^1 )Lc>- 


James Chadwick . 1 

1 j (jj^j*Xk» . Y 

(y f 1 oi*) ■> A >1 I \0^ C^IaLT^J» (^jIo^aUj^OI <sj^»z>‘\ 





jlJ 6 {J ?J L* O» 4^ f* f_^>-l» C *—1 

• x>h o 1 \j0 T Jl^jr^S 
lAjjlju ^jIj LgJ_5 ^J(j^>" 4^ ©jl—1 lAj 1» 

JO J <tAliio^o-> uJ^> ,>«—»->,5 

| SiiJ&LluA . iASLa^^ l^J I ,^1 ^ 1^1 l9VL>I^1j^*p 

j\ J$ l^i 1 o\j j^l*^JLi^jo 4S ^1^*» olj.il* f^l^aol 4S o-l l £_^1 ®lj 

• J-^ 

03 J ^ JIjUj goUi 

ai *^ < J* ( yL.I *> ( » ; ■• »^ Oi' AJpOU* 

. iXLl-l>40l<l.il^j | C J^1_> Js ^lj «JOJ$.S^i> li&4JO£> ^jJ^Jjl*^* J i 

J ^(5*jj I ^Ulol (jl'^Cj 4 a 4*£> jl ^jUi jl» 1 tjrA 

4 S O J $-*& Olj<> .0—1 4X9 ^5 ^>1 4j»JliiA _jl cjljl^-*^* 1 

u*o ^jts**li 1>J U lJj S^jj_) o*—1 1 ^jtfLf'li L* jls ”_5 

j JUiil^ < Jjt9 (> v f j 1 jJjLa 0—1*1 0^*—hb &®J-i ^ 

vN^+.n N - *B" + tKe* 

1L jj> 4j 0—1 (jJ J^O j ^jjb J<Oj aOujloJ aS 

^Fe^+.n N -x6Mn^+\H x 

^iJL^Lu. Ojjj*-*-* J f j^^Oa» 1 1 ^JjoJ aS 

«c*-! ^jjjJl»o.3^5 4j»l>-l 1^ f^jl AO*.#> 4$ ^L*> 

<i-AlS i>jXJ 40**^ C)JJO 4i iX>l^X> Oj_jj^j 4^ O—» Ol £*L° jl— 
Oi^ ^ J^4* tS,^--5jl^ 4o~* jlj>jL z\y>-\ 0^ Cjl^“jl 

J3 (SJ ^1 jl AO^^J^-l,} 4$ o!l>- 

^J40 <A .J ^j ^S^imJpLa^ tjjl* « >*<>.. j (^>,^^^41 

: rJLuib 1 5, LJ> ‘ yj 1 JloL*o o— 77 llp- f L» 15) Y O^— 4jOl 4$0— Ii««—j J’ 

Y^Au UY +.n^Y^Au N ^+ UlSl^t 


1 • Enrico Fermi 





J* J (jiifOJ 

i - *** I *<A^> aS (S .jl ^*-k£-juu> 


<C-9 s- ^5ji^9 iloo OaS cffl<Z-wJk 0*Vl*Jli!_5 (J-*3 JA 

OLa^-L- j> 1 jU l" 4 ...j aS ^ ul jl OjljJJ Jdo (j^Lwl 

Ai UljlU ijUi (0^^j^»b 0^0,^ ^ »jS cVJuIa ) A " . M fl > 

,>“»A j*A^* dL Al^Jb aS JllA^I 

( 1 9 T' 9 OW...»j) .*Jlj 1 0—o4i(2)l^l (3 J' i■ ■ '' *L*j^yaji C^l^ejL 

'OUb csl^U 4, I Aj d( a< )Jui A< 

oAS^lOoUlj aS aS «JL*JL9l»_^ } l)ui oJjbliL* y 

.«Ai C)}J>y Ai«)i dbl» OU4-6«» c~*\ 

• 0>Ui J Lrp-i Aic^^Cji ^ C—lf^ jL AI^cJ&oo„jlj^,> «.jl^^i 

of \£j j I <5jfOae 0«Ad aljT b 4x^0UA4xdKi JCi ^ f 
c>VUci f j ^L, ©«AS» aUT cSJ : j*f ji l^wU7 4f c~*A 

• CMtf^f^MM^ ^UmI 4i>L(i 

«jl> I < <Aj .> ««Ali | A$ Aj^So^*** 

I^L>Q<im) I aSc^-L jIjJuj*! ljLftjU J cilA£*^£> J<Ao 

• jlolil-wl $Jy> \j J>_j %>£■ 


1 ■ 0 ■ Hahn 
2- Lise Meitner 


iv 




U jj i$jj\ i»T 


Mi? 4SI>-4 j vSj jil 


ojU^^U- (j (Ap- oL^j a 5 > ^ao^-l 

0^*1 a>-^> s- *S j1<juj d)lsS ^ 

Oi' Jj ■ (Sjl+Zls>zA AjU (SjJji v- ^J«-V 5 lj Ai (JjcJ-o 

ll OulS IjLj & cfcS^^j Oi olS L *- »^ aS ^ji«Aj <Aj l» I J 

iJcLiS ^3^1X0 l^jloI^I sajIjc^aoI^^ 

^1,3^>- 0 <a> I o^mj ^^IaS c«*»l(j| fl.>» . ^*j _^L-> O^-iAj 

tu \ ! t |^*j aS o l jl ^ 

Al3^1w j $ aS yS-* OliLiJIIa (jljJLc-A* . tXllS(Jti^-* ^UpA> | l> 

C^jIuaa < ( f ♦ fiL^aj Aa^JlSji f^llcib <j<X2» 

»15 ^ V^* 0>^ o A ^IjI tOA X 1 U <Sjj*\ 



viT jA J ,JJ fwLj 

t {j —JjaAi Ol-A«-aJ aJL-m»J Ai ffL*-> 

aSoj I ^a C~OA> l)U1 J I 106 X 1 ♦ ^ c^j^l f+t^ 

Ck&j* U^Lw^S l a^l^-JUj^ ♦♦,♦♦♦ <jlo*Jjl c£j,yl iSj W" 

aS JLw^yA ^Us» f^jS uJj A» ^ f ^I_J f^5 lH^ t£j^il (JiAi ,il->| 

^^>*L; aS f^l*-a *t ‘ «jk-> A * ->1 01 

O j— L» jl . _>A5^Jl> c£->UiJJ I C*-0 Ai ^li> 

Zr\y>^\ Ijf jj! <J>-I^i Ali^(^j^il ASc-^b OjU jCi 

(^L»^ o^-aaa» a5C>U>-j re* ^ > 

. cLw JJbl^>- 


<>>^5* o!JT >J»-U ^»- C--J4J y.j ^jyf 

^.Um, Jrisl C—i jSIaS JjS o ^- ;> 0'>i~^ C **J 
iAibl^>- 0*#3A> Ol^l l-I_5 A>- <«JLwl> oLa s^L - ^ C^J^l 

Aj^S (jl-*^ J J <0-u»l t£j^1 Isjeii A$C^*>*^j Cf-Li AZjJi .ti-a | 

c£>^>-Aj J>A^cfj1 t-KX^ol J | ^i\0 AlJ!><-\S<J> aS 

^lj Lt5> i(_$l J'* ^is>- aSc^I^-^-Uj L^lojl JjjA^^CjJLAa A>-J 

-kl»J OfJ ->1 *X>b Oj^ oVTc^J^l 

C^l>*^ aS ^^ A ^ ^^^jgg. A>-lo.> A* 1 cO^l 

C?! o J Idul A» dllS^» 1-01 v--> 1 AS^jfaO AZ5^>5jl^5 C$UlL» jL—> 

<jl-?l 1 © ^a9 lil» l^Jo AJLft£> dU_j Odua O 3 Ji aS C^wl 

t>J C?U^bi c£«ALa_^i ^ ^51 aSc—1 <j£i^ OJukS^y» 

l3^>Aj Ai_w«»J Oi^ 0 fr^O ol 6 1^ 

C*^<l jlT^I fbeil ^ L «m> iLo 

1^1«?! c^JUj a^^-j (jl^^> > aSj^— ilio3l-S*S ojlcXjlOlA» Ij ol^JJ aS 

. ijlaj! j!Ta> 1 j 1j 
J c^J^il ijy'J* 1^1 a5Cj 1 

jl ( _ r lo aS c—1 f.>V i a)L c—i ^^1«-* ojloil ^\\S c^l ^j=** 

«Aj^l $£-->• AJL—Jt> o<x»j aS &\*JS 0*1 




vSjt^jb 1} Jlu^l a>- 

>Al* cSIat^cSUaJ^IS £yj\ aS J* 

OU>-J O^S ojb iUjjLua c£j j>\} c+&j** aS 1 j i S^sL 

<A..->- As>* U I . ^5 Obb-»Q 1 _) cJ>|Al^*Jb O | aJl«-m>JA» aS ^- wl_> Al_O^S>“ 
Obi aSc 5 I#^L* aJjIS^I aS O—^O 1 ti—«b <JtoJJ>l 

jto aS^*-J AZ*«£> O l ( _jJIslSlwt T ^L*jJ JuS j*. oiXlt IfcJ 

<OcX£> Oju> aS (,£j^isAi k^m>I A2aw£> ^Lj9 ^ii^> )♦«*♦♦ Lo^A j f^jl 

(U^Ls C*~J £>^*) V^r-* 1 * * J? C?-** 9 J* 

C^IaL^wJ 0^5" **Xi cXfi»l^- f^jl ■>y>- «-jjllb ^ia-»jl y^C/>-3S 
Oi b a)_^ l 5 f» <. 0 . 7 *~a } (S jj AZ*«Jb aS jldu jLjlJ>-l 

".-< U Ja^yL» .J^iaA* oJlw (_j 1 j aI^JlS aS As»t«JLi Obi>- < ^-«-^ 

.cuS ^1 jb 0^..b 1 ♦ ♦ c^Iajl^*» a> odly^ aSC'A^jl** 

jl b $y>- Cc-^ ojj^> f^ll A^jfc^j 1 Ob*->l aJ^IS Oy> 

C^jijv^ jrJ^L» As^lJL)JO 01 l£^^1J C-**0 

A^jl^l ljI® jl <_db O^^j^i-^Ai J ^ 1 

O ^j1^>_5<_a5 jjJL« }Aj*1$" JuS Ijl^j 0 c£IaI**£>A» 

.^ITa» aS ocojSaSo-wI bib 

«<Jj 1 <y> c-oa* OjiAp- jLJ^j aS ^Jy3ji obSU < 

iiiuA9^L* ^Aj»!^ <<Ao ^jS Zz\j^** b )♦♦<♦♦♦ A^liljl 
f_r^ Jbl^Li C? 1 a)^Jl 5 a^ 0 o 1 JLoJL>-1 ^jjI.JujLs^j» j>~ j\j 

J^Oij JaA 3 « OLw (S 1 aZx*J^ Aj jLiU o^li C«*-*»i-^l Ij i (S J ^1 A^jljl 

J^bA3 aS i£\dj\S j\y* ^jl .yJ^U* { ( » 7~7 »‘,V«^ )c^blj^ 

• iXaS i_5tXft>A> f ( S^—> aS 1 _ ‘“* 1 (_) | t V.i-ftj l^i i OJL^, 

^1 y l^j^y^CJl aS fyl C^lftAJLkwib O^Oljb^> 




cJS> y>l^yl aS jJjLa^j» ol ^ 

Ai^iSj^1 aS 3y0! (A 1 a 9 JL 0 ) ^jju^ a^jLu>- < «_>ul I aJ^JlS 

. c^>-L-’ t y» Cj j j JIL»1 1 j 






JU itjy* «if* J-6 J fkXO 


c^Iaa^S OL^* J2 _^S c^l>Aj|^ aSo*m-JO! a» «Ajjli 

C^lft4j1,i^<<2r I A* a 3^1Sjl> ^ - tbl^'apj L*^ 

i]j\5 lj 

(J>.jltJuL* <XlS 5J5>- Al*»ftA» aSc^IaJ^LS Ar>-^5 aS c^**»! 
o^Sajbl^J-^lj | 

^1^4 jlS *f IcJ *£jj\ wUI^aJ 4fwwi OUj* o«A&dfJT jH 

l> aS c—l ©A col^f s,£u^4# 45” i j 

aJl_w^a* aS i^ ojk_c- ^jl^_r^j* ojuir liLL. c£1*a)^ 15 c^J^I 

<_?j^jll»^^*- aS o**jI^iAjU 3L^1 

C*o*»^ •! j+J* <_£l^£-l*^i „^1 ^Juol» A_S o5 2 t-J 

J^aILj» A>>_J^JbA> oiX*1c*^3Aj ^LSi°‘ Jui L^J ^1 A^UJl 


>1 


Al^Jb 


** 

0^^ Alfr^yJD aS ^jsl tijl* t* 0 Ai5Cj 

«o^J ai^dO^ ubU^ <rjT 

eplAl^O>>- aS C^IO!cJLa>* . C**~jJLs>0 t_J jp- 

orf^wKH ‘ ^er* er^ ^ I & 

C^li L^loJljlj 01^4 A)Li.a Ci»U»Al^ft» 

t^jliJ 6ddll( t< )_J^J^]| ^L- (^IjbAliuft ^1 L>A^A ^ZaaIiL) 

U Cm») iJil*-« L->^yLl ^ls»5 _ jJ .JuS^a |(-Lj Oj^ s> y*<c> _p>- 0_^J^ <-ilj 

^4 J <iX* J^L> ^jcaj ^xixtt»^4 *la o^5 jl^jl aS cSjli^S 

. O^i odujlCal aJL^tJ ^t^juli c? jLi*s Ckt^T a^^J aS 0-*«l rt^£?i J 


4^ w J h JO JJ 

A_S A *JUaa Ij (C ( jX^kaJ1> a]^15 OI 

c5^*»L»j2) ^1 $y>(£j ^1 ^^LotA-wl» AX-«jl^> 

i j--C>' U| . JuS ^L«T t£lAl*»Jbb -5 OI c^ ^ «-Arf ^ 

«ils^sil Ij JiXo J JuS Al>-J Alwfi> «^1^4^* AJL»-«Jfc c^IaJ^IS 

C^WAJL»«.JbA>- Oi^ ♦ < -^-* ^ 

JjL»_j t «Alz ^to ^Ulr ^ CjJ y& { J>-J>\>- jtajli olji jl aS 





a! ^15 a>-^_£» .jj_wU ais^5 j \yi i£j$ y_j>-l,> jz aS Cwt u! 

J?J*. -? <u ~* J ^~>. sy?}* ***\> «*il 

A*iU (S5jJ <jUy£>J < ^5^y.ib J ^>“\_S* 0 1 Al ^ C^Ui^lS 

. Jul .>JS _?ll ^>Jt£Ai 1 jb iXi tiloy aJ^IS dkil^j^A aS <0—1 

04)£ji ^OP> (Jy?A)lcw^;Uc Af y t J .5 OLejf : aS 0—1 
A) ^ 4JO& A*$b <5Jy£L- Jf 0)1 jS^ alotf IgJtf 

.$>& J>b Oj-tt 

fyl Al^ aS c£ olji> 0->^ A C+jS JjalT ^ 

a^- 1 c?ix>- o>V^li»lU dlylCa JilpJjl i o$ J, <LU b 
(VV AseJL*») «y^i aS OC 0)l^i ^ aS Aj^Scjl-*^ 

*iJ** Jj4»b oVKol^i _C^>U }$>■_) J** U-^r 

li j ^ /V ^)1 * ^1 Ju<A^* 

obS o>—^i cii^ -^y ^yii^S «iLiK* ,y$^5 w^ 
—a) y^ c <** *> «Aijly^» i^j 1 (£jj jIaS <x« i c—^A i^^ioiL* 

jl) c$J-> J! 4 O) 0 td fjAx-*S& OdjT Ai>j jUx»-f Af f j ylp> 

t£jyO->bytt^ OOLc») Jp yuJA Af <SfAi*-P> 

.wUi j) £***> ax$^ oUA) Af < 5 1 a) yr f y*j 

JLjl^IaS ^y^^«> oj u A^jzi ^^iL^^asitA ty^^y o 1 ji 

J2> aS c$1az«Ji» (jl> ) ^^yl O^Ai iyi 

Llp Jacs l^^ aS jyo l Ol-^l—o^ 

.jjy» ^>1^«* lyyjcx oL>S l> (^l^l^O-i ^1 O—**’! (-Iami 

Lj*>aJjJl 5 y l ^lojl l> Cs£' s j** a> ol-)L-o^j^ o^*s-*t 
t' ^ j j—l» i LojlailAi^j yl ASyj^>j^j < aiS^alju* o~b»' 
(j^J-« 1 ♦ ♦ J I <^l_^ oJj Oji^-» i£ljiCJj 0^J-« 

. diliw A 7 ut fb ^ oi^j Al ^<>-J11 *m1 O^l^ly * C^l^ Jj 

^j! ilwiAj 

L» c—1 jsCjbJ* o>15y Jl l^Io jli aS j> y> aia 5 «Aib i_^Hx* 1 

j—> oU^*^jjl^ cPy-»^ yl ^ c^letAiiS ol-?L^> olji 



wiT f> J ^fJU 

i3Uj Ul£i 1 .3^S> vlob“C*5^Sy* OJ <S<SJ y ll> aS 

J iJ^U AOih <T 4i5 A^^fcwJ)) AX~* J>1 ^1 ^ aS Oisly* 

J/ .JU»Uy* cS^4>*U>w f L; A* Y^ajb IJ Js>lai 

C^miI 03 s ^ OtaU*.* Jl>03 aS c^lo js (SJ yl 0 ^>" aS c-l o^S C*it> 
<«JLmI> I j-LoJb 3 w ^S ( y» CjJ>y*& a r --& 3^>- <J>-U aS ^y liU»j>j L 

O I Ai aS I^IAauJ^ oLLwy^y) 1 » t X l jj « ^ ■«« > AIm>^ 

aSc^J yj^blo^b aOSoUL^ OU^jl 3jj-£y* 3_>1 J A> 

yl aS JbUJ <«A«wL ©«Sj^S^O I A» 

olil^^Aj^^|^.tU-ttUy»^<^lAl*.*e> < yl^JU>ij O I 3^l3 ( yM-J <iLj{£©j.> 

y U^> -?3 aS ijrjS jly yUtAi^^^ilj C-^tJ J3 t ».,~>- ^5l 

- Aw «Ait>l^>- JUS l» oU-^J A^jbU «3^iy* 3-?^J 01 A» 

I1 Al*«J& cjAi^cA oVLuuI_^ JjiiO.3 

icXa 7 ^>j g > (f^y libAZ*»Jb^l A^ O*-*»! 

< »Lu* c£jyl U Oi->U-*-» dTUAi^lS ^51 C*^i> y^toA»^ 

t$l*jb .«Xi iAJkl^£>" ^)iXoij^*ul> A* j « i ft y“>'M 3 J-®^ 
y»^i> JUi5»-l vlu^l (J ^y> 1 ^x»J> li (JIjLloJ $ ^1 Oilil«(1ijVl>jl 

Cf*\ aS cblo Jj <OlSyl^i j1ybtXl>- U iX^OJs^\j 

Lj 3L0 c£l$0yl JUxX-m»I j\ aS A£**Jb t£ly c£Ou®l J6 3U3^i 

yLuSj® JaAS Oy*y® A>t^jJ <£ yjy*^» l» yu»lll^ y.}LftA D j! o^LaJ^I 

• ■Ajal <A£>ly>- A T ...&■ t> aJ^JlS aS C***Jc£3yj JUj^Ia» 

C^L?*y ^9^Uaj jly^Aj <ib «Aff-LwaU 0U> yjjilo 

^__>Ua 1^ Jl>- a*^L r 3^-i>^* O! aS «OiUy» yb 

dl>-^S ojl<3Sly Js' 

01 A>t*jJ < ^jaj j} j^L U oUai>“M-* A©J& 0^>" 

jUmJ ofji b Of^Loj 4T 4s-^ va otyjwJo -aS 3^y> 

^^yjAi ,05»b ^ JL-.J Jl&l jbjb y- 


1 • resonance channels 

2 * nuclear resonance 


i *r 





iCm<I 4>- ^ Jl■»->«> -kl^cl jl 

.o^ jjii J* 

i^J y y b JA jS 0 Jl jL«j 

l#jJji-.iS cJi5 lXaI_a jta.A» c^Lj^aJ^ iS ^aI^j ->^ 

.**> ©ja 0«SjJ\jf jLcj <£f^J 

a5Cj 1 0>x> <aJLi«jo «-^sU l^j y Oy? aS c—»1 01 

JloI^j^a JcJbJo «wflS j! jl ^L+^3 

jIc£^_a1 aS J*U-Aa «AaIa ) «xL*S ‘Ci\jj*» 

fl£lft>(jl ASCoI jCi f c£l>*^A ^1 l3U=>lji 5y>- 

t£j^a> < JuJlS^* IlLj f il^aj AZj^Jb dLAj X (jb 1* J5 ^ 

^jSt> ^i»£' ^S JJbl^> (31 A>tM_Ij i ^^ul^y4J l^A 1 35^» ___ (^IaasI^ 

c£1ax^> <«Xwl> o>XZ> tiL-Lw ^^+^>1*0 j£u3j$ aS^i_5^»^j 

O J^> <-*-£> 1 $>■ S^Aa (jl <j^J*^J vlilj cW»l^>> 3^>- »lj J3 l_> 




^•»=-j'JoyoA^j* 




rr jsCi 

(j^j>J^ d-L (jtV^lc—»^A aJ (j_5db (S^y*- Aa -i_^>- *J 

'0j y jzS3\ dl.> 

S^_2j oJuli cJ^ a> aS v^aS iAaIa 

^1-? 1 O^d^-a 1— <g J 1 ^(jiXw ^^Mil 0^1 J)(; ^ <w«■»■»** A_^5> 

(jj ^a ^ & A3ti<0 ) ^a uXa ^ Ai-i«-xS aSaa^5c) 1-«J* . t 

dL_» $y>- C^I>-AaJ «OaI»^ ^Ia «jl^ V ^OJU% Aa 4W^ J,pO i^cTi 

^Li! t£j^ a! jl^OLL^© A^lljl Ia CC ojS cIIaIa Oyjj* 

^ Ajcil Oj_^»A a 

)*r 






OjAjj»- <L?J* J \AJ 


OdJ J ® Cy.yy ® fb^j <s^^j Lw< 1 1 L> J !■> 

C^L« ^>1 i-Xj| ^1J | Oj^j—>y dlji aS Obi» I j 

^g g -L* ^liob aS^jLj (•Om JslsJ^I A>- «OLmU 4X^,I:> i y>j 

0_^j jjS^a j^L> 3_^jl ( ^jLcl>^j^i5C31 lIIj L ) 

.( Y T J SZz, ) oi| 

Oljlf^>,^4* ASOj^/^j 4 ^mOlH» 0.5 J J 1 C—OA» C^l ^ ^j_ .1^ 

4 S AX—> db (J^>-li jl ljl<$j I OoL lojLi! „>L>-li i^Jyky 0.>^S 

OljL^^-> L IglT (J-om y I j <(*—iS {rl^s^Lwl *Ajj|.i (jlj^ V^ojca 
^>oujl£l»l oc o^?S dJj L dL a!^ja> 01 O^^S 

L» Ob^4>> aJL-miJ Aj i Ar ...t b jl Oj^^ di» lW)Ij O.?^*» c£^ 

jl.x>l—» ojS ^jjolo»- 1 Of ©jS U otal**-» aL^wja* U ojtiL» Cjyjy 

Ol—*jfcA> oj»l» Oi^ -? ‘OuS^* o j 

* Ci-\PWi 


vSacUJ vSyUiilj J*9 

L--» Oujtl l^JJ |^>- AS .5^**^» | <OL_j <C^-a5 aS ^isiti ^>1 

<J*$ aSc -1 Ojyy 4 c£lgjljl*-^ ^£sbc~*o iS\y 

£§0 J& JJP l^L>j> & ^SldLa \j ^U- c^1a^ 5> oVLiilj 
^ aS o^U Ol^>* J>\ abJuiif^u ^4) *>■ 

jl liL^fbJ 0J5C> OUl <£ djIjD Oj ^y > J~ '** 2 * b <^Jy* C^lAX-*m 4» 
C*C-y*** i*X*J*^ fl>«i C^l^Al^i» l» ljjlT v 2 ^*^ 4j^SA 3 W*i^ 

£•) ^-mXLp» «ap-L^JoU (-£^&Jyy 

IflJftAj Iji ^S t J .*X> | «wAmOAj a 1 m i * c^l^i J <g L^ ®U J) ( 1^ )^ 

\Z*j»>J2 . 0U"1 —*31 £y>j l» A. 4. •> —>li (^uX>- Ir tX^ | 

j^1»A4 •>! y^y* aS c—1 Oi^ ^ n^l OJlC ^ l>^l aSaj^SOUj 4 

' c^V je 

1 4 *«jl£> jjjl* ^ JiL J-Jjl L aSc^Iai^ j& y> j\ aS 

« ^Mii ^1 ^ «- » S 

c3dJ* Ol^H A ^ ^«JT* Oi^“ b" 


C***> 



i cSLa> ctl> AoVUiilj Oj^ 

Ol-A ®J.S 31 »_r^ Ai-**£> Ji aS c^IojS ^ t5^*i 

&j\j aS Aj^So^-^ . «AJL^^S^aj 

£>jy°C)3 J>y aL-^a» $yjy 2 OL>W** ^ J 0^ 

_ Al^Jb^j! ^JoJkJU l^m* jl.v C^lftAl**J^ aS Otib < 05 < ^5 

fiLaJ l» U^AI^uJb aS fl^lfinjlj^ .C**xi (S^ 

Al$lCi i<Jo y» p^~SL> l*S*J£y>~J)5 ** aS 0^ <J^ 

V^6X*^SAI*Jkjl {£ y> (^l^i. 4 aw 9 (jjw l> o—»1 •!lm-* 

^L-o.A lA**^ t,^<1 ♦ 0-**>l i*)2yy -^W^" ^““* 

(J-o-C- ji aS J 01 <S t* & C—1 t^OfrLaJ 

jlj_s JLo-^-Lw! «^wmiL^a c^IaIimA oVUijl _j 



rr jo 

U oLa <jljl*** f^-** oVls*- j! cS'iojUj.i aS l£<ApL«j 

*\ ->tLjlSoa| 

w*« « 


» L>A»»I 


c^Ji I c£l^ (^lAju^U *-* £^ ** 1-A» c*~*l *Aje^ 

-cAlS ^U-Ijfclj iUj jlcXi*A» ^g»y\ 
( J-. : ^ » cj .iAj 1^ JIjm-;^ C-^lS aS ALoUy> 



dT j* j jala*» 

b 4 S ^^Jlj^l 450 b—:>- aSc^I ,^_jI Jlj^ 

oI&lA*»;! Ob-> *S b^iL-Sj 15y^^^ j2yj£* ©_>L50 ^>\5-*0bL-*> 

Ju j\$ 4 JU 9 L 3 Obi (J--* U>cL«s> aS \j jr* y.J&*&3 Jl> j*i4i 
J (_|*9 4—S C-*»“'l ^kb»».* i^l W -a i£ KZj3y-*2^i . tX> 1 3y u, i y^^ 

f^_ll db J>5 $y>-y* (SJ ^—il f b-> <«Xi» jlc-1 4S c?tXC.Laj JUijl 

->b*A*l cSjyl U C~*l J^U-ft 4$ f^S^b <_£l^» (if jl 1 ♦ ) f^ji jj\ 

Cjjy*** «i^i^a^bl 4_*_>lj j\ ^mS ji ( ! C-^joLcO £)y d-L 

*■ k 

. <-*-» I ^itoJba jl>eij| dl> 

4^ ^$^l*J^a fj^-objl aS C— I 01 (> (} * Jljp*» C^*^v O * " 

C^Ia*a4j 4ld1c£ —jl 3 < Ca->1 jp C—1U _>di3^i4» l^lbl^^L» U J | J3 


I—» 01 C>-a*»9 4$fc—I 01 ,^^<2iLA 4^11j t *Z **~y (Sy 4^kK" (JT^Ic- 

4-*-^£J^i^>-4j 0\y L fA IjOl )C<—1 b^Lse-a oL^I ^^.JaPjla^B 

(S ^hJ I 4 S ^ >. « ..< 1 » j t ^ i. Vm /Ij o i4 mi ^LmiI i > j ^jl 4$ ^ 

0-Jl*9 Oi*J»—• -?1 J OlLS Jc>“ U £<JLoX> 

3$ jl C—'1 ^jijUjLa f>^b.?l aS Ojd £Tjb>- <XXo 

ol3 jI 4 S ( £>~^> 1 f' J^li4i ) Uji ^ Uj c^U^ojb 

J?^b=»e«aj.> UJJ C^bs-o^ . C—*»1 YY & 3 Y X A ^-*-T^j"Aj j 

C*C-1—j 4^j 4 S C—1 *iaS ^ Ojb .jV C-^—l^-o 

dL-w (J?l>t*J*> 0^ l^>4X**Jb U«Xi 

JL>^L>aa ^ i5 Ol M*-"*' 

4j Ol 45 CJj i yj 9 ^ U oOolj iS\&}J>y 

.150 b y <^3^1 3 *y^> 

^Oi^ 4 * C-^b- yl^il J5li4j \j<£j ^il^ljUj 

il—Ojl Ji «Ajl^j^o 0(A-2» <A-J^j j\ 4S 

C^«A£-Laj ^L-Jijl 4 ^j | J —*S oSl^ij— sjj c^lXC-Loj 

ld> C^LaaJbjl U Oami 4^ f^v ‘ s y* ^ijSyjyo 

y» I b , b'^ 1^ 4 S O i -**'l Ohl^ 2 * ( t y ~ > 

Ijal^aaJb Oi y aS^Io^jU y 33 •0<^bl^-"«5 ,’!— % ,>IV OLwLo 



o j* ir 


^ .5yZ »jJitj 1 C-ialp ^1^1-» OlISjjT^I JZ} S^Aj 

cPl^fcl^io \j*J | Ojf —*Sl O.S_^ !lX>* j£ 

j\ e5 #>-^J4 T Jl>- C—1 L«J I ^ j y* 

01 kJ“ c^b- ^ oa5*aj l> 1 ^.Jo | o**o4> o! 

iiJlP jL~.j Uji OiJ.jl C-04j odL-^P Jl 4$ ^Jkl^iLiUil aS 

o^L5 CjA29^5j 1 ^S(j|^i aS C?<<Jl£U *Ju*|^> 

jljp»Aj Jt*i>»lAj 4S <Z*m> \ -«^^Oivb ^333 

" «*« ^ | 4j < ^^jjl jj! ^I^uii (^IswA plalfr ^iot<* (Jd«« ili J 

Ojl^r^ ,^^1 ^3 (S3^\ OAi-iUl 

l&l>e*Jb 0<-Xwl4X>* <4XlS ^L>ul aS «Xu>C^»A>-Aj «iXw 

- ^ J51V r 0^31 jUtiJ «-«3>^* w Xi A ^H.3l 


j^*C’jlii>^l ^iiLi j ixil>^ i ^ah i Uc«a ic*Mil^*^jl(jjj 

CtLjl ^T. ^ S aS) 

OU^oibji (_>Xi ljc> 4.S O | 

4L^>_J Ai 0^X2* l«A^- ^»1 O" 1 ^ f ♦ cj-jL» ->* • y 

J R. - E -T- Booth o* 3 0 * Nier 0L»l»T 

jlo^i J^ < ciU jl^l A* V- Grosse uo ^-5 j Dunnlng 

•(o 5 ♦->♦♦♦*♦♦♦<♦♦!) •>* lj jLuJ oiXm» I Jl>- 

C^* 5 3l ^ -^.p- 4 ? > 3*~ 

CW-i ltX>* (_j»*P aS I J i^3^° f L. JJ Asfe^Ll J 

C>jy*> 

j 5 ^3y <*-**•* aS c™*»*» 01 ai**> jl>Ujl (J^c- aS 

A^S ^H«*»l O ^ O I aL^mi^Aj j)£ ^ 1 —.P l t* 4X^*1 1 > 

4 » 1 4 x 15 U) sjij&'^A '^S&ijr*y 

C—l 01 y» C+GZ-Ck** 4 *.-} ( a * J Oi^^Aj 

.ouSjUT O^i^j aij* J^p a»^ 


1 ®A 




(iT jA J IvU 

.i3lirl 1 a^ a?.>L>o 1 aS <±Xa2jj\ ^-j 1 j^> 

<J— (£$$>’*— Aj* 1,>1 0 ^-*l JiWJ «<>l Al^j 

jIoulaAj c—I < <A> I <_r^i f 1 Jjlc^bo ^y c 5 «A£-LaT ilojl 

I ijJ^J 0 1 O.?^^-*! <<Xi»L 

_>• f^Jljjl asC; ol ^ a -“' ->1 o u iS c^Iaz^I» y 0^*1 

J— ^y~ti ,y 0 >-> Cf^r -» OUy* ->b ^>^ 5 * 

I^IaLwOJ,} ^Sl aS^ <*Jt&yLA ^L-bOl-o-fcAj cSVJl&Loj .ilojl 

$\ (S itojl «AjLo Lj^>a> ilj^j Aj>-yt> 

jl A_SijU 3^.5 t£->ljO c** •A* 2 ’ O*^ ^ *bJo^ 

jL^-lj < 3Jj| A> c£ ) j : »5^1&“ C^LizS J3 WbyV O^^ 

0l'-3^> , j^ 4Syj^jy 4S«x£»l» (*S* o^l«Ail 01 a5Cj" yt^jL 

<_£ AZ^C&Lj «JLm» f^jb^l ^ja*^A> iX> 1 ^ 2 L> l^iL^laA oOl^i ^ls>ul 

fjjljjl jLS o*e> Jd>r aSc —1 OT ryL^ ^ oib 
oj^aj a«(? 1 =*)L 01 o $ j $ 1 c— 2 >Ai aS(X£» 1 > jL ^>-1 rra u«frl* 

«C.—M.O < yl- u ' 1 Ajl51(A>* (J>ljbU^*£> 

cSo y f cSI^j 

jljuLaAi UUw»A 0^ s ^l>-^>' - JlSlil J3 AS ( ^jS c yy 

c£,>yl jl oUi —1 *Ijj3 aS- c£jkx*l£j _j 3 I 0 

oljl^»l 1 j ojU $y>-3 ( 01 y*>ly- j ) f^b^l ^y>>l y;-> 

(T f^»->bjl U b J i^^uj 4JL*tfl^^» ob*^?! 

0'-®-*-$4j>-Ai «A> 1 ° 1 1 J 1 AS y 1 «Ai^djl» i pi jltAloljA» 

(»U; 

c^l^> 0l^> j \ j \* iC-«y ylj^l o^t* 

^ S ^ 4$ ^^bjl 

■ CmkI Jlcj O^- 5 *—X> p—»- a JiLu* c*»* 9 ic^I 

0j_^—cSU^bj Juj^j J 9 I 9 J jl ^^yb^l jl ,jV 0 ^>" J 

O^-mOAj ^^jIj^I f v ^ v^l 1 ^ C?J^jl 


1 



e j j? 


JLpj Oydb ^_5Co J» jl .a*l^ (if j| r X 1 ♦ NA aj^ 

ojl> Ij a_51 JJ» jdL c-o-J 0 Uj& 4 S f ^5 (^♦♦«♦♦♦) 

jt-j iS-J J* ^ aSoL* O^ * alSa-J^J (S J y\ <lf* jl t* X 1 ♦ ^ ail y^y* 

jb V AJJ»’ JA 0>Ic«04> f 

•4> o*l> Jlcj jl 

^j| <aJJ=> l=>d jl f^ilj^i _^l aS a^L IjAl^J ^j! 
fl*»j nAjl^j^flU ^s\>- Jlr>-4> Ojlai.Aj 
a*l^p- 0^5 liijjl 

. «V.4.W > 

«• 

pyf jU^L, JC-iOJ 5 a^siT jt&JoJspi 

».>Ia C^LLS^Mj c?( V^-*Oi <_/■'*’’ I (^1 ^ji JojldkjCi 

I—gj I A> 4I^ia5<J-jaSA**» {j+*0J> aS I Jt^Ua^C- ^Tjllj jL^iZ>-|4.»J jIjlL*-» 
oL-> > ^2 *jAj 4^^»l>^jiai ^Jjdjl^^ aS O Ia . ^-j|ja^>^JaJjl 
_>!—*> C^lfttAil^ j\ «a-*O^A ^JalA» olail (jl AjOj_> 

. ailota J j£]y» f U 1—gj | 4> OJ l L^ L^jUi jI^ aS 6iL« 4j^L<( (^^1 j jL< m> 
2J3 1 J$ ^yjyo^i 1jU»4>U ^1 p* L$y* ^Jt> 

4*JUajo 0 I£aI y c>y I c£l^ -? 1 ( >■? 4 ^* tay l (*^l y* Ia aS 

C>JJy*> <Aj«Ax> AjUJU. l^j l u°\y- 

J\^sCa^A 

I A*jb.j H\ 0 Jij&y (y^Y Y *) 

Jk^wg ojlj L^lga&Lft oS^J>-<^> \jcSy>- 0 I Ol y^y» aS Jujb 
cjSjP~ ^J>1 . 3 JSa^^Lj Jul4icieJi^ p*(£jj <£<x i ^ij^ aS t^l«>«Xi» 
kSUJj 1 jm* o^U «i-S^tj JJoAi j$3^m 

1° ^ ^ Aj Oji y- *p-J2> C—I f jV >3y i A^li I 

A^ji Oy>- \ .kXw^> Oj.4^^ 

jlS' ^1 j 4iX^S^A la^ 1— c£y->- C*&y~> 

C-ili>Oi^ ,tXi y*cf* \ iX -? m J^-l^-l j\ 1^3 *^y aS a-j^ ^L^-a» 

L* J ajlodLAlji jLfci U 3\5 C>Jyo A> y t^3y* aS 




vir j 

o\ aSc£^£s.> oljSUj <Obj!.> cSJ>- Labo < s ubi^°^ 
f b^-1 4S oloiil Ob^As 1t\*s Ob^ j* OliLirl» ^ilJ Igj | 

*^jb j+* J_^J>* 'i dM i 0-^1^ £-* La.*. 

-AJ* aJUx» ^->y* y^t 9 * b Jj&j* Oy? Jj * (ty jb* bo** ) 
(Ssy^*-* oiX& ai^j» J^£3 j*y* aSjio ^ r ifc l_^> _ 

^ Y b*j • juaIj^^* 1 bb* I 4 S o<a^i 4u>-b c£© jcLiSt-^S 

csib^r* jr*** S P J1 <_r~^~t ®‘ A ^bi *Zby> aS :>jb f^l 

JI^IwIa» l^A^>! J^ll L***Sjjb < ^«^b* A«)ljolj O t Xy) 4 I>Lm 

ilioLttr^A l^l—^J | ^«^hi C^Lo-b- 4^ ^1 jl^S Ojldil^jl O^^S Cu'l 

<Sjj>" «—all^* Ob®-^ b\^jl 0<-^b4sL>- (►s>l^ 

1 pl * AaJ ^ gA ; i-i-i iii* l^ t ^.J 4^-w ^jVIaAjI^ 1 -^*' 

^ g l a .w>^ Ol^Sb/> — -S c^b-WiW^SA^Jb ls ^b . C^-<*»l0 I A^c-wL> 

4j U b I Oli^l^-^A A_S (jl^b 0 ^ Oi^ cr*^ ->■> b®y^ 

01 <<Aj^b Ob» 0*^»t**i cXi^Lw JtA^a ^^j«A^s 

jl 4_S 4j^5 Obb f y 1 aS OuLw- lab A^-. 7 j 1 A» ^o^-w C^bb Ij <Xu» 

Oi^T ujl£> ( ^Jalu^; oT <*b 

• ij1<Aj | 7 «m^im iJ Aj^atjJ J c~J o^Lo 0i> 

4JLiti50^ J_J?J^aS bvl—^l» dU^-3 (*£■* ob 

f_^JI aS^v-jI^^a o>*SU-*j < o—b ^Ob*-^ ^ j y* 

b>j^iX31jl cS'looic-^ c£_^S 'j* jIaS i w «**»1 ij lo< V iA*j 

j-_ p ^ 

JL>>> aj 01 Vji ^JU c^j^aS 

As L J I A. t ^^jl fl j 0 1 ^-‘S* jJMlOl^l i Q<Am) L b £" M») 

o<Xo l—— «J jj j>- J A_S "»■" * ( /js1 *«A*^*»^ 01 AZ^Jb 

JC^i-? ->I^Al*b A^ZsJ^ 

mU 

ib-jA* b Ojj jui h^jb 1 S M Jl— < t> ^ i «2^^ 1 

«c<w*Xlw oc oljS f1jA> c^UbAj^iSls 0^ObL^i 

aJk^*ls AZAJb lHj^J ^L_jAs OA—S ^ob- ^tijlj Obl,^)**^ Jb C**^ 
c^lAi»*jb oVUijlj Jj»i ., 5 loui ^ybl J* ob J* *y , y k 



j>#ir 


<425 ^5 y\ Us kj 5 yy* ^>4»4c>-^j l»_j ©iXi (-i-J y 0^*^lj 

C*wl jl jL a*« 3 4Z**P> ojlij.5 L» <\S f j\s>M*\ 

.cXjl4i2»U 5y>~ U~tl 1 S&? 

c£l4Z«Jfe oVl*i>l_J <_)*$ OL* tiS* J J* <0y2?-l^.i 
^—50 :C—1 ^y^y* ^yz-'ij* c>jy° 0l~* *5 c^ilc- 

* I '•^^~* > l^j)A T i Mlfc 4£llj| 

{tS' C^IaZ-J* oVUiilj I jjfZ^-Lu; ^i^C- 4$0 | 

OJ 0>>- 4_S C—^»1 c^i>- <yljl^ c^L^j jl_^o 

0U31 .c~-l 4Z**£> ^gt>-4i d . ««■>»«> 4Z**»&Ja^gcA 

(J^^^SJ-lj ,?!.»*«« > o0&- vj)^jj» 4Z~*£> i^JblTC^I^J 4$ 

4 J^15 £iX**S i_5tXfi>4»^ <Jbjjk^j Juil 

y^yuSSy 4Z***^4i ^^l>4Sc.«.»ft>0 1 1^113 y^> t >1 >^>a!$ 

v_3li*zSll* ^J>-\ c£l^JL*>J.54$ •ojS ^1>u1 01 j.>L> 

JLobl o^Ij c£l— wy^J* y* <s\ (S j-go y y c^<AiiLflj oVlOj 

ioJLm 41>J>^ t£j^ j! c^L"! (J yS- ©^*^j> 4» ^29l_» C***».> 

->.>1>*0 JJ I a1>-^*j1 Jy& J6 ^l^S C-aSaj>U Jl^>-1 ^3 A^Jfcl» 

• C*w! o jZ.* 

1 4? »..ft>Q<AJdAZi>lSLw up\ y>-J54jS\^aJ*y ^LAg*j4>-^5 
1 a> 4>-^j ^y t C—1 *3jS j L^a aIi^..,© 1 jIa 

^jLjLZwI c£jl<AjLli JplgJ jl ^jtJilc-yS ^jl 4 S 0^1 -i 4250 

^***Lwl 4 !?» .* .C—1 ^fcSjL*-© l^j 1 jldJLa 42*dk5 Ol jW <«^jjl^ 

jLjJ jIi AaiA iaS 1 y {£ ^Lc- jjL» 47*nfc 450 o | 

lo^Ol cS\^y ^i>- ©l^j JW*3 JyZ&> ‘Sjr* ^^<31 ^y£>y 

f O cA aikJ 

aJlo^>- CL^-Lj ©dujl^>- 4 S t-»l_iS oJuL> 1 Ji ^»1 

iC^ <Aibl^^jl* <ji-jtfjy£“ ilgci %Ly*° _^-a 4> ©^^Vli 

^yHjMA L^l^jl jLajI* ^2>-aS <£f J^a ^LiL^U^jUjJ»^»U jC- JdUj4Sjo^ 

\m^)yy*& t Vc «J <-L*j^* 1 jJwJ ^tL.u;JJ) »Jb(Xu» ^LmmI 

I ys As>-y^£p*AiA S lc^Ju<A^» A>^jLiys^ji \y 



ja j 

tj+jbtS y?*} >(V j jlaJ oj!^/>- o I ^ t _ 5 ^J 

^ aZlaU ^1 <A-J^j J i_jlli I ^5 J Jkj y <J^U 1^0 oVjuj 

PiXaS 1^J Lijji (^15^‘ - —i 1 

«JO 4^ |^>L T S A»- pylg I^IwutS^ ^ZmuJ t** 1 c^j 

. 5yZi 4a>-\oJLu> 4JLw^j I «,_^a^>) 


11 r 




'***>■) 3 *" 


Ar oVcVaJ Li O*—>1 aS (SJ ^j| (»■- laC- jl—«o o^*J>-S oLLlSi 

©Ij ^—-jI (j! Ai aS o-»*^ ^_^-l o^**-** <lx_> | c**o a» 

plujtl? ^(AmJ ^Lj ^aIa A* ^*jJ3 (^UaA C?l(_J^- 

L**** 1 ^ eg U7 lyf fa L*~Cj 1J ^ | i^otS ^(A^J 

(SJ (^jIjlJla 0*^-" b V^-oj»-* Ai ^oLlfr JdLo 

^ JjiSJ 3 Soi $\j\ t£j^pljl O^JL* ^Ju^-aS c—i ®l 

^_51 <w —j ^ 1 a> . c—L0^° ©«Xu» ^l^ol L-o-^.w qVI_j>.j,')1 

£*■*»• ij*'j&JS okXm> Ai>-lw (Jlc-jU C^uA-w-w J^>~ 

J.j A^>^,jl \j$£>- cSJ^IaS c 

. duS^Liidi OliLoJ «Ajl^J^^» (JU>» l^*A> 

^ 9 jL. - * I 



J 

j$>* liS*j* j 

^jl(jly^> aScAIt^m^ Oljl^ 0^1 0 \ fy^Jyj 

C*—!cj 1 «AiU^A^S^yb]^ 

0L*^>-0o b «_*-j^O i^ . C^ufl azJ^I<X*j<X y*jj>- c£j^y l^^Jjoj 
^ L*.J 1 O^y>jJ^-l^ aS.5^S 

_ol^io Laj 1 J$A Si ^yS^yao J Lw I 0 Ua*>4j UJiL^a ^sllc- JuuJ 0 I J3 aS 

. c—*>l l^J^SCJ^a OLy» ^jbcL» O^Lbulj Jj«9La a J C?U> 

4j .^3 t_> “* ^)-* V J - --* 1*3 | 

^^J1a^*».5> 43^3*3 aS ^^S^y» 01 0«£-bj j y>~J5 ^J^jijS.S^.i 

^3 c^J^I oUsloik ‘*^vh c^ltLf ^-Lo» 43 oi 

C~o~i o^l_P- ^jSCj J-J Jwl^ ^1-03 Jjl J-**9^3 ! J4^3 l ^5! <o>^ 

^*3ci^j jJLj i f^-^i L AUh 1 3 ^L»l^-43cX J i AJLftS U. ZtJj^- cS^S^y> 

3 I t J j\ 0^1 w ^>' 4fi»J3 «Jl^u»J^>- C**—® 01 4 jj^ij«>ciLa4S 

4>j^ Ol—'^J'^ ipM^ 1 jjiA«> Jl^—^-lj ^Li^l 0-**>l 01 

jJjaL.fi. aS C—-i Ojl y>- *>-J5 <s$\—>_J jji-o.fi> L 1 . ^jliAi OlSLal Ojl w P“ 
j^-jlj5^ya S 3yw^>a 3b J jIiAOj 4—> iX^i»j^>- t£l42**fi» oV<A-o ^>L>o 1 ^Lol 

4_fi>-Jj> 4^>-^fi> l^j^3^ OL^a ^LaJI» <^yUiil j jJjt9 fLoJ aS 

Vb- f 3^-i^y* fls*ji lAj<-\Jj j ^yLlIJ^yJ JLlijlj ,J*3 3jj ^y VL Ojly>- 

f^Slj>-J3 JloJU>> ^jLalja c 5lfi>o0j>- Jlcjb 0^>* ojL cIIjaS 
J3 C^loil—* 0_^J" aS j», wli AI^il3 bol £-9 tX>Lj ly>- O.Jy^^ya 3y£> 
^3c5'l 4 -^~fi> f^i*4* 3yi f^S4r>-J3 0y-ija «AjL>* olx9 1 jSya 

«OLil* y^Jy ^1*1 01 

4s-Jb y jfy- oVbuulj Jj«i 

J ^O^aAA^ I Oy)fj C^l^ali43 olj^ «Al a .ViIa j3 jL 


4 S iv!r..-a> ojljul 01 ^oLtC- ,jjl aS C^ftS <AjL^ jj 1 3^>jL . ) 

c3L> JyLnjaj c^<-**ja l^l^i | lAll S ^* «xJ^3 4 S jly>" Jil^eijl 

. jv-oliJo 3^>" *C^O^»^ 11 * 4 Z>-I«a5 

Robert Atkinson ♦ r 



yjj* W* £Jy> 

<*3-° JLj^ JX» 

*c>-J5J5 hAa^aS^a aS 01 < V *»■ *j 1 A ^ .«Aj^^S 

^ 5 ^ 1 ?“ t$3^ 1 ojta $yr3 <^Jy>- Oyjs ja 4 S c£aIjJ jL-^> ojI^>- 
Ob«f.>baj (j I Aj^Zj^aS «Aj«A-i (^^«ASAi obi y>" cJS >^>- 

4> <<All S ^* C-S^5» «-3 jh 01 3 «-3 ^e> Iaj (*UaXil 0>A>4S ©aL» obi 

y\ < ^ J 1*^0 ^ybb*^ C^b^oU^I JS C^b^l^IS ojtajl 

0^4-* Y ♦ ojl v ^4 >-jajo 4 S 0 JO 1 ^1 ^3b .«JuS^tau* Az*e> <Sjjy 
Sy^i^Mlf jl 6 X 1 ♦ ~ \i jOs^J.S^yOl^>* oS; I> • cS3 ^\ 
^y^L* oV«AxjL©1 ^©J^Ia 1 aScL^*_>1 1 ♦ — *j\jl+ jIaS 

bObL*» <jb>S t jp- 0b.> ^Jy ,£~~j jy$ 0bi>- c— U^~jk 
©tAC- Ob* 4 * ©^-<J^«**>L_* 4^ A 4* ^ 0 jL^ m» cH> aJL*^* 4> Ol^*^^* 

cS'Iai^Jo ^yjl y>- oVLcftibbjtS $Jy*J5 «lAiU^llsl^.^-»ji (3^>lj J 1~.WJ 

01*A-k* J?Iaj fl_x>J J $ aS ^yuAi ^jJ <££-L>4* O^l A > a..^ < L ^aj aLo^-^^I 

• AjjjS^© £jJy*> Ojl y>-y 0 <AJi JbSl» ^ 
C^aIj Ojl j>- JAaS 2>yi*o jLwlcVj l> J^-J Al^lj ^J^jIa» 

4_> ©^La (JLiil OUa ^s>. oVUijb 

ob-JAJA . C*~~joU3f { JLiu>- J ^5G y>y?y\ C>Jy*> 

^ csiW^-^b^u As^zj j a b-*yi ^ j wr ^5Cll (0M3^ «a>* ^Jjl ^lLjL 
Oj^> ^ ©aUa ^Obl J «‘AlS Uj 1 ^ Ojl^>* 

^y>-Aj il j3*Za (©O-J^j M-ftlT C?b-*^>1) 4*&ji ^Js^isit a 

4i lft> 4r^ft > ol—4S «Ali^ C?bi_5^lX!Jb fUalSl Oj^ 

© - > - ^4S(T4«»ifc^>3) c^l^4I*«> *(^ y** 

y Ojl«Jj j>- ^b*J t^l y Col—©>• 1 J I 4 J 1 

bi LJLp ^yZt^A A^b 1 l©-> AltmJt 4Sc£0l»Ul£> C^lftAi y** 

•^jT^ jl*4> 

%s>j& OM aUJ 4 s*#} j£ 4T jfa>b j <5lfroLtf 

jl j>*oVU«f J J*94T OT c^*- «OiTj^e jl*> ojf>> 


1- Fritz Houtermans 

\)? 



vUijjai* sii* j»j 

^gC ^WlC f jLjOJjf t 

Cjlli ^y^Jk OjjP^-6 ^jUaJ^IS l£j^ il X?>*^aS j 

<XL l £><-lSf^jI jl J^uWSC» 0^-* jl duloIdUa 

Oj^j«A-J3l .aiU^^ o^3^ 

olji <jL-« «Aj> tXi J>\^>> f^LaJ <( »«, lS f^5 ^Is' *j|dulA> j 

c5“i_£>4Z*«> AoJbAS *l£j| Lj duS^ya Idu* Ajal^l *_}&y 0>A» ^»1 

JAaS .5y* ^Jj<X*J f^-JdbAi hj^sicAJ} $2>-yA 

_>1*AAaAa «AjI^j^a^S 0*»1 ©.^Idulu! 1 

AJ_j-*aS l£^>- l^Jo C~ftS dul> &(£jybAi < duS |du£ AaI.^ <J^£-Ij 


/«vv 

«KV*J' 

1 t 

V i£v 

«fev 

</—_!, ,V 

-a L 'io 


•>Vfj j Va^A-i s£-»Ar* *?o-» 


r 6 jo, 

l*JlS 


Yli^lS' ojldoW Uojl_y>- a> j2> jls"c^ IaijI aSc— loi cuwl ^rL-^>-1 

**W ^y>4> ^y>- 'jr* oljl J 3U1 JUajI j Ja$IJ 

. (^»jL ddfcly>- 

yji oyuiJii j*$ isi jiAf ,jj\j» l>-js 

c—t ftj y 

^»LcOL>j^ Ijai^j» ^jloYUislj JasaI:^ asCjTcsI^ 

<—*Xi^l>A*-ij^^* ^djjj^ ^. “ ■^♦fbl Jabdj! duJ> OlLlsaua 

°aIai^*I 0^*1.aa C^>ci c£l^>> —(v*-£o ^>1 ^5 

A^-ji ^jU jl £^S c Ssjj' 





J* 


. y Jo CjJy& Aia>-}b llAW j1jlA.a4a 0^1 ^^1*-a ViJlo 

o jU-U^i I A> ^bl^y^ASAI**^ C^I^IjL-ojJ^aS 4i^S(jlo> 


^—» AJLO* O^bil-»! J {Jj»3 <Jl£/ (jb> 

^gjUb 0-i^^ aU-j O^Ia» Al-~A(jl 

®ojb i-Jl^bb^AS c—»1 

(jl c£1a1^*£» y^)iiX*S olaj^ i_jllS ^iaiLL> aS ^*o 

^Lj5Cj4aaS ^y bi^i^ jbj ^yS^ <j 3bi^^l JLxi>l 
C^b^O^^^y-'Ai (JLoJ^l ^y US jfcjjAo^^O . 03^5 ^S f .ibaj 

0^J> A2»-J>J5 ^L^jI ) o<Aj^ f^baj obi -ilj^ As^ii 

S3I<aj 1 oiSi-ij b>l,yy» jI>aS J j ^„y 

O^bjUa^jl ilb^b * «y“»Jiib C^^-'Aa JL^yJ 

tafcAZ^y» Jp^~^ t^b.-JtA &\y bl ^^bcA OP-->3 aS 

b l£ y-<s.S ^ y jUaS $ jj*Soj^mp jr^-y^ b>AL~ji> Ob* JUaaIj^JaS 
AjiJLu > ^Ss VU J^aS (j3^JcXy <jb* JUiib^JjJ < Ju-LS^AjJ-aJ»- 

jAj Ai .«Aisl^A (JLojI jlS bib^ -J^aS O**»! W» 31 w <>J 
Ob»jiAS C*-b jllaljl L)\y^ yVLJa^Lij* Ojly>- A:>J^aS 

t?y 'J*5* <-£b$&iyij y jly> (_£lgjy Ab-<b C^bAZ—^ 

iji) jlt | L>bii oc l*j 1 j.b 3^“® o>Jl*3j 3 ^>5 o 

(_^l-ft> AI^£> Ob* f^b«J VU jb.1 Ojly> A^-J^aS .^tS" 

'^y*yj* Jib" Jy 

bb-Aji yJj\j>- Jbaib J^d blj-A A~-UcA c£ly ^ 

,^^1^3yl O^bU^ «i>k Jy*y>s t£jj3l Ai^3l t >^ £y jS'j* 
fJ^cbaS-^AS Ai^Sijb* .«AIS^jaJ O^bS 0^1 y>- Aobi 

oiiAja* 1 1 \ a ii .a m *■ y cS y>j 3 op^ dbU A^jb £b 3^5bL obi yj\± 
£>Jy fbi Ai ^bl bl3l aS ^jb (^jbAl»b ^jSolSl^i C^^y> 

0«?^oAiaS ^ibii'^AS •j^siSj*- (f r AtcAmi? 

J’y^J* ^W 5 J-? ‘ 0^1 (vS b*—i ijli -^b*^ -^b*^ s ^f c ' 

(^Sjl^slfibaJ ^UdJlb C^^^Ajfj>bw C^vXaI J6} ^*51j4S 

J3 tA kL> ^S jboi J^b^ #AftA^ ^SI^jiJ . AaS^a 1iA^> 



viT j* j f ju 

C.* ^ -»P>1 41*». jb 4 aU_^1 ^yt 

i$5j\ J^-SU £r>3y jjo oOljUi A (t' 9) J 

o\(£}jj\& (<aoS 4~*l£* 9 (jsC^U) O-*»! <_)-*> l>- 

«Aj j\$ (E) (SJ ^j 1 c£li» AjIcJuldS (S jl5 olji ^*-~S y^- 

*»y*> B {J ^* 

0 ^ \ 1 J$ I j olji> ( 42 -»* c^Uojj 

j ®*AijUj c—l 1 ^^A^[>-iS A X B 



r 9 jca 

<-£3^101 c£^ (AXB) 

4> (B) c^Liboj^ oL>5 Oa^ 41=^ OUa*S y 

^*S (A.) oljS Ol ®*a£- <JL> Ol-o^ j$3 nxil» ^IS ©jl<Ail 

• JLiU 




«AaI^ISO^ 

3x**>^ILa (SJ ^l^lc^^ltULali \Z***\ jA^j ^jliLj ^LjiiJo ^J^ , { _g A o*Xi£ 

i)_^Aj C-djli (c~“^o«-i~£o <£ Jf*£> ota-i >ac- 01 c£1^»aS 

• C5^* 6 - ?l«Ail^> A" ,..a> C^ljb©^^?! L^j | 

— 1> J^-SU ^3y oyli i^S^j\ Jy f 

C^jn) ot j»^ 6 aS «XmS C*^1a iAJLl***j1^X <_a1Ja c£^nAiAi^J 

AUC J i?^i>u ojl^ c*-»1 w~»U*e <U-Jfc 

^L^l j L L» ^ l*c 

lj 1^1 ^j*j^9^j1 (Sy^ <^1L ^s >|^s ljoaJLil^>- c-^>j 

^.^JIjuS^^a jl^iaJjl oiX*| 0**OA* C^aS 

aS Ij ^ L)JJ_>lX—A> 0^-® iJljtiil^ (JjJ j^ialA ^31 c£l j> 

«_j jL jl A S t ^lo J> «_>L>cZjl aJl£ AjLf S ^>vm* 01 ->1 jlj<J^L>- 

Oi—-? ^«3 A^***»^Jfc <^1^3 A_S (SJ ^1 z\}J jloi» IsUd j\ 

O w e-^cT* &*>y* ^1 ->** JUiil ^ J-*9 <.«■»>!3 er^-\>. JiUJ 31 

aS JL>^lf>tA f ^S<iL» „?L#»£A3 c^1a“,> m > jLciii J (3*® O j > _^ < A-»1 

^Sl < OlwU ©Jl2i Ai»-U> OJj-M-J (ii> J f^JwJ ^Jr>“ O-Afl» 3l 

-c^Vr* 0*y^ ^ t^J^il <£?\>1 YjY X 1 ♦ U «OiT O j y*> 

C—Ma^.^ ^^j'VIj aS) j!j^jJL>- o-? 1 ^ A^JA J3 t _ s ^> .a.^3 

,yjl^^s-JUijlj <Ja$^j 1 *(^-0 1 C-oA» O-*»! O^-^* l»J 1 J3 aS 

O^Jj l^j^jl> OlO^ fUj L^l^ aS <^rti t^«A^A3 0 Lc>- Al^oJb 

O y *^i -^1 ®«Xm» aO 1 iSj ^1 Oi^^r^ . o** >, l '—JL 

j1(A,£a ^jA} Ji^ *A>l^>cj Jjl>j (£5**jl *Al^-jl O 

o,_|^>L>-I j c? 3^jl c*£, j** ol > _^-® 0 y-?? ° ^’V^ £ ’A> . 1 

*aU JI^-jU-U • i£ami1 L«u*iL><J> aou-lSjJIaajIj j_]j^ ^1 ^yll^>- 

‘AJ^j C*£-'j~> 0l_)^® 

<£}J 31 (►jJojjl t —>dA j$ a S lSs^ ^>aUa . y 

cJOu<A>A aavLtta (^LsaA a5CL i oO^(jLm> < jh>iA^i^J 0>—Xll 

.CwwU^AaT C—AA» OoJev dij. J-i UiJ^\ 31 aS c—1 

i r* 



viT jaj jiilvw 

jlS" 3 t^“ o j* Ua ^ <aiLc^ 1 ^ is^ 

jloJulrjJ^L»- (Sj 0^1 J>- A^-jA J3 .JuS^W Oj^-iS 
dXi j yy* jIsTa» <^l f 

Oy^Y* aS 0^5 I 3 ^-T* Ojl,^>-Ai>’^ o^» «Afrljp-^ls" (J-^^il 

O jy*£>^ 4^jlj(Aji^>- 0*A-* c-3 ^>J-> 0-)_?-?<A*j < O-^A^^o 

^^ijba^jUfcaii JSdiAi JA O*^ aIjU <A> I f^- 1 * 

l*c t^liii4jL«ij^lj 3 *^^Sl 

ojI^ A^-ji ja CrtW ‘<*iw^ 

0 <A_* J O^-* JlfcAi! _} ( A-~£> jy>- <S^>j?* 

<ouSIjl-j Jolo -L>I jl^^jlr c-*^ JL«» ) 

c$Uas~*^ c-lfJV (i)JL 1 ♦**• J*L«j J>sJ^>j£>' 

aS «Aj 1 ^y^O-w^A^ 3 -J As^Aj^jjI .JlIaS Alr>-j (^> 

aS c«*>l ojl»Ajl(3l o^oOa aJI^>-^ ^jIjI^j ojI y _y>- 

oljS j*,) ,y^> «c—e c/fc' Uaz~* ^^iSC-^U ^L*j 

.Aid^jA>-^3 <3^*1~* 0 * Aa \Zj^ y>- aS <w*^I 3*^" 

?c^-L/ «^jSI j) j jjjj*» dh jlji^ *ij£>- 

jL_^»D t aSju S ^5s3 3 y>~ < 3 ^ t i c£l®«Aj!j|^>* t^+Mf 1 3^1^* 

c£jL>&» 3 jC<Lo ZjjS aS c*"» 1 ^IS c£j,^1 , 3 * 1 j\ o^lii^l c£) j> ! ^y>~ 

lAl^-Ai \j (jl Cjj\^ A^-jAJ f . 2 “^ OJjj^aJJI \j 

.(rvjsCi) ^ijli ■ ^« i L*^ (j^*L* 

3*j_j i c^ltlAu» | a>^>J(^ 1^3 A^^^U^jjwLatfAj Oa_^A^ j4i_iJ 1 

j — A>- < 0 1 C^^A^J 

A^-JA OajjIc—AA» c^l^* u I Jj jUUjI ij LiOH 

J M* - * < j;u> ^ ^SiAjU «A-L>" O-?^ 

Ij ^51 j oyi o***i 1 j ojl^>- 3 jw>- ojl^r^y^i 

(_r^i - viuirUOI — »3^ <*^ <3^^ 

C^l^i .lA-i lAibl^- ^?L>C>J »—^-M>^>OjlA^*Ji j\y* JLL>-Ai A^jbl 


m 





,C~>\ yy-c^c Jy *->£ ^^yj> 

,pi ©l£i p —0 JIaAjI^ (J-* 9 t^lfl>jlS 

*W~-il £b l^iS oJ^S j\yl Ooi u->^SU 

•^J »y CJj\j>- 

a _$ JUrl oUI J^i ^l>->- *** 0>r 

tSjIy^j «cbL> fjV ojli>ji4_> oj>1 ^>- *>-js { y^j VU 
J3 Ij 4I^Jb ^yjloVUijlj Ja 9 C^LJi 0^^ 

j\ oJ>uu* ^j 1 4$ C-iS OoLj o^^Uol | Jl J £^-?l 

*1 £jl>* dO«A^- 0^fcl®\ i>A>- 



rv jsc^ 



'J*-** 5* 

. «aiSc^j^a 


i rr 




df j* j IwUj 


O J^S~ 

—bjy S o 4S ^hAmJ ^l^£o ^j! 

3^>-aS ^ u~ti <!£■*-> AX**> ^jl^>- L?U 

%S- (J £\* ^ i^>\? c—1 c£ ( ^1^J Sj^S c^Aj 4» 

C—1 Ju-ij^>- f^y^-jU- OU-fe aS j>jU Gc£ jlSojI^ji» vil> 

_j—£»u5o olji (j^* AoL>- c£lfcj^ Aa^JLi J3 A$ 

0 1 aJL^j_5 AoL>- c5l*>Jjr*j oy^ —C- 4j . ( Y A «-^©cLi Ai-i|^ ol^i 

aS Jlil» ^3,j* ©j!jl »1 (jl«A> <XJZ>Jy>~ 1 Oji j>- A>-J^lj Oulo^i 



rA jCa 

A»ib- (S AjawIjA» ^15 c£U&„?|^0 .d~J*Jy&’ { jAyj\ y J «jJ y* 
. iAj^w^o AZ-ili o£j 3 y^ c£L> ^j» 


i rr 






4—S <*jduJ jl J2 . 3^JujlCal 4Z~+P> ji ^y>- oVU-fli! J 3*5 

4a4$ t I 3 ^* <^^3 313 1 o^>jy>- 

. 0-**<l *JL£i f^5 4JLwj^o ^Lc-J t^Afi-baJ oLc>L*Aj1 

4a jj^La»! 31^" Ji iJlwij^ii’ OjlA>Ji 4^> | |J<9 Xa4> 

0^> (_£|4JL~J*> oVUijl^ <3*5 0^ .jl3| t^l^a *S JlujJ L^iojliJdl 

c£dtjop- cu^Liil 31 ^3 c^3 3 I cm^ ^13T 

. dun | ^^>-^1*5 jidj U <^Jl»-4a du_i^ * 3 

?l>* tfflflt»^ *.4<i*S^ - *.l 'A r .* 1 \ 4^-^a dola^*J 4x53 ]<> 

J3 ©<A£ .ilj| ^Sl <*3aJo C^l^ 4 —3-**0 »<3* .i^ - 

JAj» oVU-ftj|j <3*5 £s£''j~> .c~>\0\ 

C?lib^*iiS Ji 4—L^li^lj ( 4JL«*i|j" t V ■ Ji 4l«u^ 

4_^j^ 01 ^l^j «ojb^^y c~o ^jL^- 

3^3- Jjl Jli>-4a (SJ ^1 d_J y o31«a 3 4^13 j-ij Cjj\^/>~ 

^jl>u <^5jl*JL* «A>-jl dJ^j 3U 

ojl>> A^-ji 3w*i* f^>- id^S 

♦ dd^Vj-* 3^» t^dU Jb>“4a 3Uj dj I ^ v>ri.^ 

tfc^l4X**Jb <^jtwL*J> 4j^<>j l^JL> dU-£>,J^P”4S OaS do U i-^-*J 3 ^ ^1 Ia* 

Ij jir J d_il> 4jLil^ d^>-_5 0-3 4 S 0*3 

.dfc .><_£* f 1^3 


•3jjf*^ CJJy0 JU-iJ^>-JJ 41*^Uui 1J 

ojU d-wijyi- ^ cM-T^ ^ «^^5* 

dbuw ^A^llAC?lA4JU**i«>_J l^j0l*.*Jd ^j>j\^ j>- oVl*ijl_5 3 1 *® 

Lo .<Aj] 0*<04j O01 (SJ dol jZ.3 4$ i> Cs'G' ojldi^ 

f_^l** d^/J^>- 0Ui»"L«- 4j^i*j_jl 4» 1 j* 

(0l d^> Y'Ci -).i) tXy*J£>■ C^am3 4S 0*-wl 

Jl*iib J^ 9 4 S do d do la cSLo 1_J i C^ 1 0 ■) 5 jdLo 

jl Ij dJj—> 0lJ^*> ^jl-ola J1^ Oi^ C*'^ O* 9 ^ 

^ik£- 4cyi j la 1 J As*tyljj t jXloJ» t^l^jUuftjl^ <3*5 oJUs** 3 ^e> 



'•Z?j*j 

Jo | ^a (O-^-^Aj (X-.w j y>~j\ p«Xi^_^l>- j1<Ju1a l£_}j jl 

^9 A**.jUa 

01 jl . — lJJJJ* V •> (3*^ aS 0—1 ^-xs>lj 

tsJ^I jJy «ol. lAj 1J—)^oJ f bo 1 <0-C-^-**'Aj Ju>- a 5 J»bd 

\^_j _^l(j^Jlji Y * ^j*XO a]$ Aj^SOI-bJ 1 * A>- i <Xwl> i\*Ju>J^>- 

js ^51 aS 01—01<xj o y^ijg* a^jLj Of^ *r . J 

y>~y* ^alc-j\ l^IaI^^Aj* jIoJLa *XJ^jy>- c£ jS y* O*—9 

*xs>l^>-^lj| jL>«ijlo-?^»^> Ol^-*^! <*Lj Juirl» 

A S ^yty* f ^Iaa .X ^> p^L p_>U b «JLci jy>-} ilw 

f(XuiL AJLulb t£,>ljJ ^IcXAa 3_^>" Ool^J^oi Lp OlO J$>" 

{j2>-y> J^iO* 1 A> aS cAjIb^a 01 Aj O—J-> ^1J 

^ ojtii •>>>-J OJjl-> 01 Ji aS tj-^l»- ^laj 

<J»*9 ^JLp «AI-^ :>■ c£j^/ 1 Ox— ,>1 J 1 «O 

— y* Cjjy» c£<aiSaj ojliijl 01 «Ob^"-^ Ai^*ft>_5 Ob^eJbftjb 

tu-ij^j-^jAyl j tsJ^l ( 2 r ^° oly^Aj \j oj~-Si Oly^ aS :>^5 

.iJJ 1 <_jb^>-Aj 

s^s jx oS^ ji ^ i <\r a ju» aS> a\* 

Jl*J y Ar — tt» (JLniSlj < Ja3Q.«-»^1a^ (j 1 ^3 aS Oy^-LS'l.? C? < ^ J Jr*^ 

< 0^.^^-A jl> X^>* AjI>- 4> 5y p^^^SljLj ^Cf-y ^AaI^ (.Uw^^>- e£^^jl 

J J*$ £y • sJ ->y\>y> *aS O^Oll^ jUa9jX 

L’ ^A UaS ,tXwl> «^l^-ii.i O^ 4 ^*^" i\*JhJ2>\* aS ^lUjijl 

ASObi^ (t. Xc)^ i^ Aii»„-A ^*iS 1„> Xf Li ASObl 

^ y J^a***a (^) | (^J.1 | > < b * <9i 


JX aS «AHO^a 1 

aily^^w 0>>-^ ojU c^J 

<_^Ubl^U aS 09 JS As^JoO^^r^^ * »XCA* 3j.?-yA t X*J*jy>- J^S^a 

■ Aa>-I^a J-«9 Ai) ^y^^gA 09 U 

Hans Bethe • r 



Lu*So*>tXJ 

31 \j oVlniil J ^Jj*9 l£ -^(J"v l5^* »«Aj,3^* jiL*»+Jb c£_}1j 

j\ yDry tX^ jy>- S Ob-^J 3a^- aS 

AjattiAi AZ>-lw ^1 ^9 OuLo-Sjb ,^-jl (-$1 J A$ <£ 

^—)_} ^9 y» aJULmA ^ <-£_} «<Jl£»^J» l3^ 

(_SicXC- ^1 iX*~w jy>-4j b y y* ^Jl^il »A>J^ ^Js>li> , A> aS $yy* Ia* 

OU*Ji * >J> \j f yi *** 9 ^ » (Xw^4j ^|A*A ^ ( ^ ^ ^ 

^OO^b^* 1J 0^^b**» jUa9 C^AOoi^o AS < jc>- 

Aj ^jLoJ 1 Ju_^jlji iil> 0b_> <«3iba* 0 _j> o«Xi (_|>- p* aIjLlw» 

(JTIa^* jl JLiil 3 <Jjt9 (jU-^Jy-j ^ J? flj 

t ( ,jL)J I I \ * 6 Mlil i J I (^»iaS \j 

^jitj^'iSj aLl«j*j.> c^IaaJl^ o^b-^jb (J-* 9 0-*-®**1 aj aS c—I 

• CuM^OjS li-LvJA>-^J 

^j\ aSo^*'^ Ol jl ol-£> “lS I ( y I yL>\ 

JjuJ db IgJJT jLft-iAi «Ju Jl>jy>* <SJ ^1 duJ y JyLj aS c^Iaz***a 

A__o>ft> AS^_jVtXo A^>^j Al-i^dij jl O-0o jdc- a 5^1L> < Q«w*» <^\A3L«* 

1 ^ ^ ^ t ^ •« C5* •Sj&ij J'*"* J J** bl$M 

^^ 4 X 0 ^Lm*»J y&l) j dl» 4$ Olo^bi»! $ (3*® 4JI_i_> I ^jbUaA 

C^y- ikaj A> o aL> y* JLZ, ^Jbj 1 Ol J i J~5CiJ 

Jbiiij <J** i> J J aS (y ^ ) <J^li (SjJ j\ •(*t~'Jy» 

OtXU5* C«T jit J J* * $ * aS^ 

4fc**f C>Jj>u> j 4s£jtfJ j& 

.wlUT^ twU> ^UaJ Jijlj*- 

aS (t -j5 jUi ( C^ ) 31 0>>- 3^-* 

( N^ ) c?Um^ OyJ^l ^ 01 A^iJj^ 

^3 C?3^1 JUiil^J J*9 ^1 

dli ^*9 c^Ulc- b u^b* JUisb ^3bl 03_j^i 


1-Carl von Weizsacker 



j» j iwtj 



M JO 

^il «aJ^j J^ILw^a 4$ ^jVIaA»Ij cSJjaA-^ - 

• oJLmi 4a^Ljw 


4JU*Jb 


^S t ^ ^J L^jdwI U l^lT >m> L*^ I J.i J iAa*»(L*-i*i^-0 (J 

^ <J**5 i^-^T Oui J> ^Lj ljl<$j I <SJi [& ^ iU <1 4 

3 y-i*- ji <C-~>I jljoUlj ( 0>>" .«AliS iaJ_^j i j ^jUiil 

4 Z^Jb OJ^Aj j J^U> p C~~» oji L Uj^r-^Gl 

4SCjLU>- 4S *Aj I ^ (C Nr ) jl<-^b 

4j^j4j . O—U^>-_^o C**-*-i43 

i rv 





f^LoJ (Sj$^s yjly> Oy^^b Oy? sy>- 
■ ^y*t^s* c>^y (0»*-io Ol y> Aslil j <-*j 1 js 

OJ^2k 4 <Ju*£>y A> \y^j» ^01 j\ ^ ) 

(<.s*y* Oy^ ) <S^i^j\y>- (jyj^e U < ( ^iSjUT 
0a*oaj (0 N *) oy»-*5>l ^IjoUU c£l>&*& y L-» Oiy_} ^.>L«j 

d-'-sb y^yZ.^31 cSAj b 'ZsS' »A> aS cV-> | 

** yy>-* oA^b (N N6 )oi^,y-^^ ♦^y«y*J , v i (n N6 ) 

aS c~ud<jL*^ (c vx ) ly 1 ->1 t 5 ^-i ^ (*•“&** cfiyL«u*U o>a -.9 

CjA> ijr ) <<*o^S 3UT ylJl 1 J icjtfj Um 0 y 

• CC aL 

o>^-> 0 .* o* /< 51 ^ 4 ^ ^sj o*.W 

a*>jj evb^A Ji jj^g» Jii J1 4CtJfJU aH j J*s 

_ ^ tSUlc 453 U»U <4iwlj ol>ic Ail j ji j ju 

JUijl J <J*> ,jjl .j£ji& iSJjjJkis 01 yc <ju>y* 

tii_i o«xl» 4 aL> ^jlj ^jOJAs aS OyJ^> aS C—t<j I c£ j-jwJ 

4zL>t^>il^>- ^l«j yly^* 4 _^-j y^jjl<>^ . c^lojua 1 ^^Jl» ai^~> 

o j t ^uoi f ^ 1 ^ 4 » j jjjoJ j>ju? ij 

^0 oj*» 0yy**^ Oy U*4> 4f Cwjta^bJ 

^ o3^j^y yt^ j\ojl» js\ 4 S c.«ol ^*<»i ^ 

C)y —S -j ?l*A_, fl ’* A* 4l*.*i _«3I _ >Jlo oj_J^ e^C-^*r Ol Jj—o» <<Xwl—> 

• • • $yr3 oy.jy- 4S0-^ ) 

(^..»«>I>-W03 dlj 01 0^>*■■>»■ 5 

aS^jJ yi aS juS o>Ij Iy ic-^lol *^y* 

a>Jya r ♦ C>y y>- A^-J^J^ iXy*J2&- (S JU_ftjl_J y»5 jl 

Xo£ 4T *5jy t jfu&o 0 ( b CkMif ^Uae C+*>J& < i^S^y» 

^ y*^ f LoJ lli A_S L_>cSyi _J . ^_yti^yO JAL? j\ ^i UA > 

O^to-S cylk» «Ai^l L> oVUjil 

C^jy 1 <A-J^* y»lp aS JuU 1J t_JjaJk < yi > l ^29 

ax^ 1 >^j 1 .c—I 0 j>^ 5 yy - 0#J> y^Sjji ol*> oy^y- 


i rA 



JLJ* J $>■ <£T jA J yJ \JU 

Cjj\ y> A^-ji aS (fr JLSA$Li| JuL UtJolj^ 

*jol> U>.j ( y ^) JaSc£ j c—l<vV c»5j JL- 

olj*-? jl ^»1 aS^ (jL**> ul«Ju ©<Xi 

O^-o^Ai 0*»J^ .5j^iotXi JLuijl^ (_jx9 aS ( CjJJyL-* j Ia ) 

^S^li $y ©i^S jU-I ol Ia aS C^U^J^sicj 0»-**0 3 

Ol^y* oISTOIa^^Ij^ u^a^^L»! t _^3l *S<iLol 

Aj L c^J ^1 Jlp^ ^1 4^1u 1^3 aSoa5 

Uil^ A£j | jl Jlc-J aS (jy^ aSojI^j^I Ia t oSyj 

. JuS^^a <Sj\> 1 „> ^^^J.09 C^lAiLji £^a cX$0 fla*ej| ^J 


wUij^i- J^aJ 

^ « C^y» D ^*iJ<Xj ^JyA* ^1 Ia | 

_>1>-Ia aSlAjUj^a 0L^>* <Jjl S.5JJ 1 jIaAa y>- 

(SJ ^jl <aJ jjJ _>1 UjtA^Jj aS 2>y* (j| A» y^jn (AaIa C*—A^S 

^ ^^I-SCo J^j <£5^yi4j Alat^Jajll—i O^** tjltAi < Jk£>ISo JlbUl 

Cy^Z ^ °'-^“' C**\* *_i]^A cS'I^^^Ja l» * ■> y* J**y* 

^PaIjsI ^IaIa O Jya^s i^£>Jy>- aSo.»*»10 1 ^aI «C^uuj 

.tXlS^A llA-J 

y^z^c- jl«At» A» l ^ I » AwJk ^yijlj> y* (jl j - -* I ^y -J 

A^>-^ A5dL Oj1«Aj ^JL~y ( l>tl»lj^ ) <J1 aAj1 J(Ja9 

aS ^-*yH j5| . t, «a<; 1 ^y ya (J | £y*t^y Ji*A>l J ^Ja9 «w * * » » aS 

o yZ Ojl y>- A >-j$ criO»! (^^«r^yJLC'A» (L O*^ - y+> % ( jK"j!*Aaa 

<Afi>1^>-^j jl y>- Ai >-3 i y*> «Aib|^>- {£ ^uLoCAm 1 ^ <Zs&~y* oOuIa_ pl> 


jy^ aS iSy^ t^lAiLM Phoenix . 1 

^J^er* c_^lo3^r \jzy>- ^jSS^y* yy£-j\ JL^ ♦ ♦ Oy? 

ijr^yr^. -^il ty 4 ^ Ly* ^ y~S\^j\ J 

. C-*-*»! azsj jlS*A» j^JyLa ySAz-uij j t*_f"0^_5-^A> £iy* 

’T - • (J^UJlo^jli j| A A^y ) 






r* 

-*Jy*<£* tLil»^u50l <j>>- ^ C^loj^S 


C^^** 1 jl j <_JUJ (J D <1$ jli | \Zj jl i ^> A>ji ^1 aS ili 

J*-&. 1 j C-A^A» OiJ (T*) <j£Li4> C^^lai • C^J jVl o.j^> 

<**lol> \j c£^b JUj o>S iiL <J5C£ Utib^ oiL^ 

°jjiS U ol ^b* -? r-> <>1 £x~.>aS 

Jl^jUjJ A>AI**jJ jl» «JLtf ACLsIo^? 

■^>**’<y* 3U olj 


Oi^ ‘X>b *y>y Oe 


. d*5^yi u\J^j 










'iTJ*J 

A. S {^b^b Q»-> 9 liLu> A—:>^u.*j < ^.«i la< > Ab^*»»^ A^$ 

A^>c<i_<-) < V aS . alX**> ^J-i ^.*j LJI <A» 

jr 3UT aS jl (3j^J»-X-j 0 <AJj c3^*iatA 

oVUijl^Jj«i SdLi ilj| c?Jy b ' ojbc_£ 

C?U ^b*»/A> Q <.\ . .>»ob-Ai A ZLumP* 

0-0^9 (J<Aa-« f^J.£>A» C) J J J<A-*_j A;>- ^£> . 3 y^aJjAs^j 

0«—5 JJ> (_£jj»^o ‘-^'J_^>- C^JrS 

^ ^y^cr" S^*' ^ Oib LS^Cr 5 ^ 

.»JS OJ^l C?J^I «^Jy C^jr" 

o^U^J^j.5 iA>^2^ ^b*! *—i] aJLww^Aj AS (_£|a^_wIs*j> 

: A—Sdl—<1 OiX^>j A>T„.7.j | J^j IAj <A7L9 j5 di—Ob^2 > "L»> 

4T flCL£> oUoj oyt»^yabj oUj c^<Arb jlj*J£>” ^jjcj 
j 5J> f c^t ploJf4> *£baj> ayt»J^>- fJ> OjjJwUl jfOAo 

f^bu» ob^bt^ ^^©Js» .^1 1 j)A*0 ^ & m*M*i 

I V mtf ^ ^ ^ o S < t J J j W.tJ A^i^^auI OtXw 

<J^bc£«A-lSA> Obl,j~A^ «AlS^-ft l<A-w> C«A^>^>l5 , c^liAJL»! 

• cij Jjy £\*^> i>J 

c*) (r 0 j 5 di b bj 1 

^ »J l^i ouLo | ^ ix<tf j ^ V * <>i'*^*~ 

tij^ — J A im A aS 1>uj 1 ^1 • i^wl oJ w 

Aji^iajjl Ay | L» ^bfeT ASC^I ©«Jubj^»*^ lljAj bb <A^Jyl 
cJl^A> ^-o A$Ci 1 (_£l>-A> . O-wi bJboa dO | ^a «J^mOA* ^w^-S 
<Jo L» O^) ddbl^^ ^-^>-A^Jt> lX .„wjy oVbflj i J (_b9 

«01 ij^ 5 * 0 a1>- ^jA ^j*''jZ>~ l J3 iX*JZ>jy>- Cj j!O dw oJlcAi < aS> 0^5 


f^Jjb ^^3 «^>>>* Jl^b £bo 1 . 1 

<Ay.^>^>- J ->b«o 0^1 'j^- i^r>- l> ^j_5 idli^b 0-^-9liLi ^St> 

oti^- ^^>a> b <s yy* b^-^Aj UjIs^jI <v y^ ^19 

o_y^ ujjjh^J (Sj^S ^il^> ^>>‘Ai>- c£jdS U«j l 





r i jsCi 

*X» Jm - * Ij^J JU-i J y>- .<±JZjjy>- J^5*J 

U ol {S* CrL-~r u ' 

.juS^ U» J>- oT 


irr 


JU 1 * viT j 


• O*' 4 *’ I LLS4j ol> 

J i ^3l^c Lg « V «-> » L«i1 

4>* ^51.? | 0^ I <j*>>- Ojl^>- j\ ^Jsuj 

o>i<-£^S JLoJL£»-1a» ^j^aJ «JuL>- Ig^JLw ^j\ J>- tjL^>-Ji 

.«aa! (jLJle- U&^^jLSl j *_j 1 IrIss <ou* 

<Ajl_^l> C^UdL-O $£>-yA Jl^s»-! 5 OLL>-j.} aS^jJ JfM al 

li-Lo i O 4 *** I JsCju JuLoj »Ub_> ^wAj» Zl} < ’^’*J i . 

^ ^J* o^lcVjl 01 j^9 $ 01 X 0 ^ 1 J Lu» (j^Aj «Al>- <2 j<Aa j 2 > aS 

W*£**-Oi ,3 Ob.*jL^l lr oi^a^^-Ua c$U^3^3 

^>1 ^_£IjA» Jul^Z» A^lo I Li <(-X50 AaI^I ^5ju J A* 

js b <xJ S o^>-1 ^a 3^1^ (Sc>j\ >>-aS obbu» 

ol^oJ aS o-wb <ju L» I jAi53 I . ijjb^ aaI^I ojLuw O l 
olI asCJU o^aS^*j o jy*& ^U5b ^jlaJl j 

^ 4 «X» I ^A Cam»^A» Aau»Is>cA jl As*b 1 I ^iLo . <Aj I ^A Aiu*Jb I J OlS 

—-^>3 ^1 ^«Auodlj ojIjoIa» «- V .4^w J^~ 4 —S 0>S jJUi O0-?^ f LoJ 

4^aJ ^ciiu» A>*j3 ^ISjVU k-V^o^^a 0-»i jl bx^>- <^5 

oVUiil^JjiSA^ruJlJ^I^>lo . <Xfb|^>cj 3jL>J \>-j} «XL>-jl 
tii— 3 j_^Mi aS OW ,>j^-w^a ^b- aS Al**Jb 

cr*b“t-J aS^L^^I a£L |( ©<XjX ^ ) .5_^' j^Lo-w | A*i>-ls 

* ) 1 X 0 Ia <s\ ojLu»> jIar*u , I l> aS (Ja^a^ *-u»l t *■■ 
cU^ ^ Oi«xi3^ O^a 1 jl 

* 

U <S*p JUi^Ia> £u>J o j! y> A^>- 0«Xi^U^ ji <^XLS^jc©J>> 

aS^^j (Ajbl^>- ©1 __ <r oJ5> o<Xij ol^_^>-_^—A (jl^2»-J^> ^5»oJjJ olu*J uLL^- 

OjIjP- A»^ xloji La 4_^a 31 3jj ^^0^3 ^Jslu. ^5x^3 
-kbd jl aS c^Uo'jj 1 <jla c5^1S^>L 

O-jJ 0^>?* ‘— , I 'J* (Ajt^j^oJ «A-iU AX5^5 j \^5 Vl> oW*->3 ^JaLo 
<>xj3 t^y\ ojI^a^j^ A^^* 4>J^>lo 4 oiS 

aS JS' JLoJL^-I . tXi cXJjb|^>- J?LLa^ej1 


irr 





Ig-oJ W - ^U£l^i! ( Jx>^'(JjliOjlJ> 

i>_rH a j) <xul yii JuyOljoL_J y oL*> aS ^JLoOjj» ob^Z>^A 

. <Ax_iU J 

? A*- ot j! ^ 

<^5 J -^' J—-*~ ^A^wb ( ( frA Oi^eAri ^ aj^SoL* 

^i__5 (S^j~M4.i (J>b 'JS (XwL> ^yl-frSO | iZ^~^> Ai>-y& 4 S c-^b 

a> a5CL> 1 Oj^vj tijl^r ^o-> a^o—-o bby«l yj b.^ 

y>* 1 <X*J^J^>- a5Cj | yj I^>Lo t <AlSoj!y>- Jui^J Ju^> o | 

«y»/! j*3 t£3yl J^~>j> 0 ^ 0 ^ aS b bS 

0^-3» o$ oju» aS c£j^>1 ^ aI-* ^y^bl 0^>*_3 . c^wb txc>l^>tjjLj^-bi 
y*jJk5 *b Ob*jl O^ljUj-U «tijbi f Jy3*x> O^'l'J'jly® ©1 jAs ly 1 Jb 
l£j y>l «aJ^jAj A2 Li»b^> 0*«**0 obi lfb»_>.i aS(^^^j| OuJ^j 

i «AlSy* jb| ^/’L.aJI Aj tJuJZjjyp- (*y> Ob^ * x?by-J 

^yblaC- <£j yj| ti ^bj <£j yl aS Ai^SOb» 0^>- ^ y 

1 Q«a>1 ^ca£> L» jAi «Aj I y* «JIa-oA^ C^lA^l^pJ (J>b)bi»l 5 (3*® ®b -3 aS 

J^ASy^bii I Aj C^-“j o J b^ c->bs | l/’LaJI C^>- ^A-«JbA3 

JuuAj AiapJ 0\j\ yi»o ^y*> ^b«*j O-i b L _$ A J^ \ Obp-JA bj^ 

y-J<-*-» J < ^>“'c5'* jb| cXAi db-^S J 0<-Ai £-*£► 

bl^b Ol C*£ «Ajb—J pILooIaj j j Jaj 01 

_^ (J^*L* y > X.«. ?> * yXAA> AIaII bu bi 

^ ^^ ^^010^Ta> cX^j^a>-^ 

(^^a»A> o>ll5 1 L$ c-flbs»e-» O j J 31 

. OA 5 ^Afcl_^>* b‘-« ^ aa *A> 01A0 1 'j^-i JA ^X‘ i ^-w 

* 

r v ^~?~ ‘ ' A i- 5 Ob-T^y» (T 1 ) b5Cb <_£jj aS0U>- . 1 

31 c^_jj w ^»** »-3 ^La» a Ja>- jyj a>-Ls»aJii 

. c-lO t £.!*•“' 








A_S jv-JL^Ijuj^ <j^>- L* -T^ > Ooh» S^bil Ji 

dils OjCLi oJ5aS <aJLz*~£> c£l^>^jl$ 

J^J _>&”<» t_jllS aS U_jl J5 . Uj !ajl=>cJ _} | U^«i (j)Jl 

A$ t i^IjJ C^l^t (jlSjLuMi oLu j tw J 

„5 «Ai^jl> 4j Ljltf- 1^> jl | U 

A^Ij | ^ olS^t-Jb A>ll>eiJo • C-S^ldO l^^a Aj^^^S Aj^Jai I ^IjA» 

3 b J^ ^4i3 OiJ 

^lihjlS _^l aS iXlz*Mfl> L* j cS^o^j tjlS^ljLu» aSo-.i 1 fjJL*-» 

jL— mjaL^U .Ou^l^U^I ^ C^L-iLa JLj-irJ_^-liJ o«JU&1 ^tol ^S 

OLkij-lj L.*»*! OI ljU aS ^a *L c - jLu*j 

<s*y** oI«a^Lia J j .oJj^U j cll^^S f 1^1 <>J aS <*>_jl^ 





o^l«Aj| b C^l&bOslSjy» 1 aS ©_>L >-1 L&4» 

<JU^> j j b (jlS^lz-»-> (j^lJb l>) ^Jb^J ^jLLwJJJ 

Ji Uy-Sl t_b^ b Ob^J.i 

OCfcCJ - J>l bu»li £)\ — gsptjU» 4$ t^jyj I Jli Jy ^j\ JL , y I y 

4$ 4j^S0bj* t iXjl4l^j|0k5 01 b ojLbui 

(£^-£-i$ cb4ibJ>l ob^>^A U Ob^jbl» b 0^5-?b»> 

4>-^5 . Jalo^bl^j I 4j O*^ C^b-ftb 4X«jb 4-c^i» 

6 ^bii d^> <\ >.,b 4bjl^ ^ls (^b 4)l^tLii ^laj 4$ 

0 ***b ©jb < ( t* ^ b^'"**') ^ 5 ^“* b^"^* b ubS" 
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rr jCi 

^aS1v_>AS ^sbb 


irf- 





s£Tj*j 

Ij i^*lj ^ C^lii 1^ (^V ^^ .*«i>aS (*l^££»-1 *iji>J 

6*«Xi ^ (_^L«wu) | <^ i w 1 Ij oj \",+ ii otLcm^Ji jjJ Laj»i | (£^ui i 

L»A»fj^£*j cS'LoJlC' . (^yb-JCpl^*^) (S fljAj 1 jO | _} £> 

♦ ♦ t ♦ ♦ ♦ ,^~ojA> iZ+y~j o^b^^lAS«Aj<JO < >®^ aJ>- 




I 


j - ^^1^ j^j* ar«* ♦ ♦<♦♦♦,♦♦♦,♦♦ 

j! P * (^j*-k« ojliw jl aL»^1$ ^1 

A>-L>.i OJ^> Y Oji.M*> vW La Jr^ t£j*-ir> y (j^Sjb-w 

J i‘odZ>U «JuJLj jb r ♦ < ♦ ♦ ♦ ^SCj I aS 0~£> (jU-w 1 J>I 

01 L?^Ib (JwO U aS ^aL^U ,bb»djl <Cwl 

U) Jelita A^S ^IS^b-w O^L>jl .«AiS^-oJ Ar >-y v_>JL>* 

Ai-*^>oi j\$ < i2**~*j j*.S Ob-*** 1«A-il* tjbi | jl^L*S (l^j | ^1S £max*ZJ 
(S i^Lj^ f U OlSjb.4* 4«A j ^li^j c^lojb-u. i*^l 

.0-u»l ^Lo^ScV—^1 _>b J ♦ • *0l (3^b* aS (cA>_}| dl> b 

Afc>"Lu<i <jlS^ 1 1 , « i — >b b o<i x • 

0l>^ l^j 1 0bo.i iA^^w jy>~ aS As^wlj 1 A» « A^li* 

.^jU lj4>^0ii bji+Mt 


L i/ iT^ s i^^ <£J&42+£>J olrjU- *£ 

^^b^llAi < Objb^^Sbj* J^5 o^l^ri-j^AjiJlL^J fl£ll> 

_^1 aS (^jtp 'J lA * c_bSASbb ( C.«««»l C^-»A* 1 Oi^v 1 jlk* C^lj^ 

(‘l^_ r -i>l ^1 tS =*ia-> Ojl^r>- ol^*^ ^jOUb ^b> l^j| 

J*«s .ijb Ij c~**l JUS «ci^5 ojlail \j jjs obl^l ^ 

jIjLflAji ^b 1 A> ol^jj* 1 J «Xuw£*b«> OjlA>- aS^iAo <Jjl 
aS^H-maJI^AjI» 0,^jl*s* 7 1 ^bu» cX>>! aS^ w . * • * * ><■ > 

o^liAjl Ijb 1 ^cbu) O^J (a*Aa.*«a 015^>b*t»^>l (^jbuj^ 


sAwouO ojl" i>» 


jt v krueger60B •» 




,Ul»J ^-s^J 



T** V6*» ^C. 


1A)> 


T»6«** c. 




T=V/- ’c. 


^J> 




rr jJCi 

) TA 





^ .Oo «cXO y I jy c5l<iaftj Oy>- JaA9 <\L»3 

r ^ f l_r?^ ->l A$y U^*JiJ ^.£lo y*!^ 'S3J Aiiz^Jjy- 

I^y> ri ?~ > A$ 3~) 3 y^> 

AoA>aS ^liy» . (V^^-^Lo JI«Ajl 1J l^j | Oj1y> A^Ji (^^y* 

C. ■«,<.> t J>lo j!a> JJ 4JLw^> y>“ ^L«>-i 

yJo <OuJlSy*J^L*» 3_^>'jlc v r w ol*^*«£*jl«-^-*ly5 

Ojl y-^35 Oy>-J I cb I y>J3 o | jl yoj ij3 Oj_jaA)_j <-b^>y* 

y^yi • OJLSyaJ--*y I v_3_,i>A> eJu^^Lc? Aa£< 1 fcL^Jj 53J y Vl> 

( y«JO < -b£iJ.i aSo-u»! y 1 y_J«J i£*t^2j o<\Zj jyJ5 aS 

. db I y* 0^*i 0.3 y>* A>- J2 >yiljilli (S J>Ju» >—fl-> lo i—i \^ - -> oO (_£\^jXa*-9 

U 3y JJt\*a t£^(c-! t-X>- O^y 0 ! ( t* t* ) {J^-i 3 aS Aj^SuIaJ 11 
IiA^j JUijIo | yliJL> a^Uaj cjL.i» ^y*. A^>-U 3 o3Ar>*^)i ^lo3 

_yO.>Lo Iw-gl. lr ^ aS <£jy tZSjsJ A-*>Ub*li y3yUj . JuSyo 

( yL^»j ^yrjgA» o3 ^^"35 o ^1*^3 t- S y-j AuOiA »1 y3 y^y^ 5y> 

3 v\I X »«. g > .3 y*> y^-i J^l^Aj £^y* ylSjll-w AJS p^iyK. i J yJ^lcbo l^j 1 

. y I OlSjL. 

OlSjlzw C>3y- A_j>^ (jw^l L$\y <£ 5 

v-jLJ=>,;,>aS (ji i?f U ) Cutf l Jo^ia^'A*J lia a 

JL^la^yj! . «5^-iyc» 6tXj^ La dbJ!>J^r>- aJL^>-j1_5 <• jL ( >K_>1 - Autf^J 

y>- aI^-wJA* qL » -£. » .£.j 3 yiajo A_^ 0*3 01 A3^*lj J 5 

l)^>- 3 *txjl-«y* dtajlj fc-gJ j* 01 c£b>o ~ > 3^ > i_$ Ji i-31^J 

~ ■>.< A^»j^Aj S_>l«AiUj ^-aLlt*c^ y^"?" 

jAa«j ^^Ji*jlX-wA> o_^li«>cUjjl v fl .. L yti>- (3^-^ 0^1^ 

ojLLwyJa— Ojly>- A^-Ji t-iJ^^ISCiA» ^ly"y»J J OW 3 


aSc—I d f 3y m 3 OlS^l^ji c^^jOutA 53 y*35 . 1 

jly (J | (jLuJ aS ^ywijo La A>1i,V,<^ ,,dy& j 3*33 aLu>iJA> 

• 0*3_^S o^|«AjI ^>-ia9 i t- - a~ ■ 0\y^ 



^y>\?£jyr 


\*£>J oL>-«^ ( k ^*'-^(_5 A ^^ eJ o L '.Agu _^,3 

^^^>1 jjl&j^-a-Ja oLa^J» f U Aj aS <xLxSj k -_ Wfc ttj6_5^S oa> ji 

1 .^JiU^Jjl VII v ^i>^ A 9dUsJS Ij 

3^ WM ^}AX^J\_5 ( «AJLfc^^j^^L^LJl)) v_3J^>-U 1 J Ajl5«3 oLuL 
^L>A> ^jj A^Jl <_Sl^i J * c—^ jL^a 

^i_>l pl>\ fc^Lal^- aS »AjIai>-L«> l^j j U la) aJ^>. OutoJ 

*C^u»l^*X>- aL»j><j| J 

«Oh, Be A Fine Giri, Kiss Me Right Now ♦ 

A »1S cSU-A 4 ^i\ 6 lX-oL#j i_5^> 1 S 1 ^ s _>^’b 1 A^lii 1 

1^-oa *«Smack ^U&aJS ^Ua^ c-l«Sweetheart^>^» 
y AjLjj'U—*oJ f ^3*4 C^bJuJ 0^* aS i 

^. O-wl oJdJ f^LcAj^JLfl» Ia9 As*t*JLJ 
oUJsjl (jL-» OjL aS j >-^»Lo C^Ia^Llmi i^L-L ^$1 

<0bji^Aj 0^1 Lj t^lo J \^5 <J^$ AilS©^ 

AcA-oL-aJ K^-? 1 C*A») KjAOL^ 4Lls^i^ o«AJjL*j 

J5 . »»JAlS 0LL VII o^>Ia-w y * &' >4 skJl*? A») Mj KaJu^Ij 

_J (at>^3 *f ♦ ♦ ♦ ) G AjL*Js,^ La c^JujAAaI» 

O f' ♦ ^SJ o jLl«> J (A^J.> 1 1 < r * ♦ ) A a£jI> J2> <£ s j*J* 

. (a^J3 rr ♦ ♦ )m ij- *i± j> 


j\S Ojl j>- CA-^* p>-> JaUjjl . ) 

d.\ ,. lt tJ 4j ^L|^1 u>9(J i ^Vj | ^ni> t_fl.,k I .au5 yij> 

^ Meh - Nad - Saha -^U - *• fl» A» C^duJt (5dUtw>L 

. C^uil oJuf 0L-> cAaZ^Lu» ^a^£j 1^5> Aj^k»^» L^ISol 


Harvard spectral classes .r 

Yerkes-r 

o kX—j 3 S j 0 oIa*J» VII ® j^> jintan a . r 





IjUl C>->1 %>r -»' 4—ejlr*w Aft^i» <£jj j\ Oy? 

Ojl^ jIa* ^a^ggclaA^ liL%l» 

odLwfjlaja ©b j^bt ljOl.iLu| <©jLlw ^^iisLA 

jl 4^>-L>-i 1 j A <£ ©jL-^aS 0-^1 

^ LjQi _fl^»*i (JJ’jLnja^ ^ia9 ^ ^S o_)Ll** _) U 

. <A-kJL jy>- 

J«*/0 jtjjAJ 

'j^)<-XXl)L lj(tL^J^>-_5 ojLlwA^U I ^o«j ) <^SjS j[&>- 

^^>-^J4_^jl>- La Jjfija ^jil^y L*» 1 A> < A**oliLa 

^oL> J ^gT.la^m 0->l,_>■>• A>-j.> V^o_*_a ^IajI_} Ojb 

A_S JLl tr ^ JsLjjl ^jl ©^/Lj.} 'jA^vCLA ,JJL>J . <Aijlj> £l*^} 

^>1 j lOJLlS c^«Xo^ArfJg £jjy&^i L 0^w>L^w cvJLil^Zj 

{Jf°\y-4) Spy^jA C?lp»4j^ia> c£l^i b O^JLi ^1-A-^a ^*A>- OL*J J5 

oiL*^ UOjlZw <J»Ljj 

.K^b ^a^>b» ^Lojl t^b* ) ^ 1 t** <J*’-^La ©LaAlAfc 

ObL o^^z^-j axju& O0-i • 5y (S^ _e-L«j*L jL^*o Azk&> C)yi^Ji) ^ji 

Oi \ .-w^pbw I _} Ju «>L^-» 

JLm?^ ^><JL* • O ^^nJ^J^I^bL Aj L* A>»_J ^t*^A> 1 

1; ^y c£jU^I jl cSi^ I ( j U £lG''j) a£11> <<x£»j ajL>* 

aS 1 J OlS \j$y>- JiL C^libJw» J djl yi) a1_^uJ (^) | L 

. i\fi>5 j\ jB Lo I (j^'jjiA (£j ^L»L>-A> oIa<XL>- 

aS b fU; < _ s a—L Aiu!? j ^IIsa c-JlL)L-* JgLj^! L i 

lajJjb^ Oy>- .^jL» aj bs 1 b fjb* ^hI 

6cX^.« ^ A« u.? * ^A_5 c?_^IS" AjlJI *~*y >\*0 tXx>-L (£j J&2 y 

sy 0<x« fbjA» AS 


1- H N. Russell 



IT frjjsr 


. ( T f ) l^ti is&ry <wJ^ -? <J^ *ib 

jlf-1 J O—lj *—,^^-Ob jl^ J^b-^ 

iS\ v.Ac-b Ojjj/ <_Pti <^1 C?Vl>J 0-1J O^L>43j 

o-l *b>- Ol jl aS oO b> J£i* jb^«J ^»j 
%Z.£iJ ^y 1a> <lS 15 jLw f Lj . bi lj b t>_»_wJy>-4S C^l^bfci 



rt Jsbi 

> 4l9J 419 J JkJ I o—^4j Jsljij £U*rUl 4 S ^bo ... 

.(j-*>Ujb^oj) i^-e c^y 



j* j JJ UW 

±>Lsj\ jCioSiA* 1 a^jL^j- j^JLo 

(jUffc <Jbl> 4 S ^£>l> l^j i Ojlij iil> L^-oJ <<Aj 

c^Iaz^^i a» j ol5->L^«® ^1 .jlS. 1» OLi*;y> 

jf» a» ^jji p S j .i015jli- 0^—• 
• iAjjI Jji ^<T^| ^ f^u^a SvXUL>’JAJ ^ 1 (j!5jll—I 

Cjjyo Ai ^A —iil-wl C-Jl—>“ tXX>" \j A>-^1 (^ili ^Jai 1 

^Ji 4 i «M ^w 

> 4*S^5 ^l^S t ^ 1 AajhtJ j! aS iX«v^a OiAj 3 (^ISjL-m 

^y>ei^La^MAP^ (JjVlijO^_/w9^1? A£»j^5 - ? ( i©<A*Sl^i O-J^^^AlJuljiLi 4JL*oCSl> 
^ ^ a* mJ ^ ^ < «nui ji) aS ^ o l\ aJ LaJ «J?Laj 1^ iiXw^A o<Jb 3 

AS Ls*il_>l .dbjU c£aL..> J L ^.i J^lia-» ^Ja-w Cjj\ ^y>~ A>*Ji 

«A>-lc£Ic£^_Xo5 O'A^» otXol—*J 0»*~i ^3*iz*«> £jj\ j>- 4>-_^3 

^^.♦LaS C-^l 0 ^ c^M^- aIiJ ^ c*^j1 ^?^aS 0^5 «Aj l» ( t^wuil ^lLzm 

lH5jL^ax^ 3 ^J.aLiUz^b ^j.5jji Ai^S^i frac-U 

c^Sl^Sl^Jl 04**^^ jci> flj4j 1 j 

.(^j^ojb.i VJ-^) ijU a>?o ^jjU^ ^**u tSl^ojU^j 3^ 

llJ *J*jS 

4_j>^,> . ^<T wCsAW ^TjD Al u , l$^a <JL«Lwl ^9^>1 jCLa J? 

fiy W»l » a »-A CUjU^ili aS ijLSj^- ^1 aIiJ ^y^ia-rf Ojl^y>- 
i>il 3^«_r*i aS^U>-j oSjli t5 5C>-^S (v^^aS c—lu! JJa <c~J 
. Ji l* j! Aj^ «A^>- l^U 0^^— Oil <AjA <***!>>- 

• JLo | ^Ji^SJAAi lj0l5jl^*»Ol>*-^AiljD 4 jLJ?^A ^1 s^lij>.^a«i 

AC^jUjeJLfe tjl_5 jIjLu» Al l$U IAj>^J^^-®J t- 


1. main sequence 

2- red dwarfs 

3- blue giants 

4- white dwarfs 





oL*j4^3l c^j,y\ JU> Cj^J* J} ‘ 

U . Syh^Ai t^>^**,3tA C^id«AP>l^« f ^>tj 

0\ $ ^S^>aS b (►“*?’ C-SC***»^Ol {►ob 0-0*0 ©jb«» 

,jX r *J <jb j> —Sj^> J^JtwJl» •<*r ft>i <uilla^ «AlS^y» <jb.O 

ijU jl^U A-a^ial^ ^5^bbs* iX^Z>J£>- JJMa 

a c.Af-1 4*_S O»**^0 1 O^ - *^ 4j>-^5| »©.^bil 
Ijl* ^S ^JaP aLm^U ( «XmiI>Ia ^w«Jli iXaj!*& ^iJ 

l^i | 4*>4i i“)l )L-b> j^ajI^IjO i^^uilt,) | 1 *UaS^< l*Ai^ tlA5_^\jL** 

•c~*z 4 *}lk* J*j**j$ bl^T o^^>? b 

Oa>-Oaj> 4S O^b^?-^* aJ>ll**» c£^Uj cilC- Aj\zz»cjJZ/j>- 

jjsCi) ouaU^* ^ 5 ( 0 jU- u>^^ b ^5U&4«^ii*«o !jlgJ| >xliS^* 

-Ojr* 0 jb*_0 jl tilj^b oS^ ^yl—jli oVl>- i ^**->*->i • (t*^ 

4j ,_S-^ C^r?“ W*1 jjb©J>> 0_5-i AjJUa-» U : 

^^L&fcr ^^iuiaS o b^b—* ( y^^S Uffjl Jj N < iAj^ 1 0*0 


cV.«J>- f ^>* l^«*J ^-««©b- (Jb-_0 « ^«£>U 4I*£ib 0*S^>- (>< J^\^C- f L#j o _^la„0 
objL*^** i^>jb . O^latAMi ^^but ^IS'0 *a1isI> 

O^b^j J Cs.^' Ob» bLo*?! {jf^u, a>* „O 4 S 0k£O^» ojbl L»4 j 

•(PJ«>I 0-04* <-Jb b> O^SjLlm» 

jLijl^Jil "<Jjz£J4l JJ\ J* S\L* ^l jU Q,I^ 

obfj^j £>Jj <C^ll^T f»,^U** £~j1jjj<& 


4jLJ©_jM* 1 jl^I I OOjLl**» iji^jeOJktiLajJjU Jibd j\ . J 

}\\j^ ,yU-*i jy& iSj** :ciuS^ (^-a; 

(S J J ^ (jlSjll>Mj 4 j^S ^v^bl^S 1 l^Jo 0 O 03 

Sir Arthur Eddington • Y 







aS b<y>©jL- J>\ .wUT^o J> J £* f>?• OOAaUJ b 

*>bo yAS a^^ ‘<^->b* ^ ^jh* ^y_! 

jl 1 V (a->Ia r* < ♦ ♦ ♦ a5!) 

U^> (<-^J>y>- f ♦ ^^>1 j O jj ( l < V.i.,M* 

o^1.■ ‘i ■"■' jl ^ <-fak ^ <ui> 

^A tiij JaI»*-» {S^sJ^ C*^b^» * J* • 1 «JaI*-* ^^l^jb^L») 

•Ji c^ 

fyj>\ ^Lo^ (jlSjll^ £-£uc£J Oy 
OL-Sjb- ja OjJ c^- f^^jUS <^3^1 ^J^lo 
^ ^aVL jaaS ^lijUI . a^j<a*1 y dL^ OlSjli —}\ 

oj\z —»a>-L>a Y Cs^r?" '-^■ljL> «aJ^jaS $yZty* xy^5 

t y ^b ts3^IL* 4ma) ULa JA c^-o A> <_ j ^ ♦ ^S_J^S oj\jL*»J (_£ 

£~y~» ^51 ♦ J * 4 & } 1 A 3 1 A ♦ ♦ b A^* ajb|^>- ^l^i <XJZ*jy>- 

JUwJ^^J^aS < A... >L) 4T ^>«{ b ^y jl^> oVUiilj (J*S OlSjll— A +JbJ3 (SJ ^1 

jL>-liA0tXiAlgi I JA (SJ ^1 OsXi,>ljl ©^«AjIjaaS <^yjtAj.^ 

iJ)ll>IUj*flx»J ly$4 | b^AJA 5y*y A>wIj 

. sy ojb\y- Lgj | <Sj$y Ojl y a^-ja 


jlj^jtwjo i5f4£*Jb oVUiilj Ja9 

JjS&I&I a>IolL*-w y> ^IaIjo y 4 iy*s *S ^«AjA Jjl JA 

v^mdIaSLa (^^15 o^Lji 

jaI „A J^u/ J y^- oJb^Lmi o A La t_ob^cja ^Xj^J j_j^ 1^£>- -?-> oT3b 

L# Jl£>-.M>jl^y>-A^-JA Aa Of—<<*^S (^ <jl £iLuoI 
b Os - *^ • { * .! '** t sA? ^«jIijAj 01 (Sjy\ »xl^a (S^yS^y O^**® 

<JI^>-1 J £l*p^l Aj_£«* jA «aL^I JlUa>-» *A--i»^^>“ Aj^ajA ojltiil 01 aS 

O^l 01 w )«*l CaA*a>- ■ 0<m>1a jI?”a» Oi^ 0l5^>Li-*.» ^jb-lA 

uL ^ J^* ^uiAmIJ ^ —■ 0^1^ ^JaL) ^L^rj t y JS\£ 

^ Jiy a A^ AI^JIaS L-wUcA ©bjl AJLwliC*«»AAA b 

0^31 -(*y5> uL«> IjOI C^jS^C-a—5 Ojl y Ara-jAJ Jl^>- Ajb 



J*** J S* \i?j» j IwUJ 

(Ji-i OiJ -^crti bOl^k^S y I5jli_w c^I^aS C~J «lj 


0lJ jZ(£j y 1 

f ^r>-<Jo-! jl> 6 «Jl£> 

V,f 
/ \ 

OJ^ J>- A^>-JA 

(t*-®"*'») 

J&* 


! j 

i 

! 0 

! __ 

iju . fj S 

(vT*i 


♦->♦) 

1 f X 1 •? 

1f ♦ 

♦ J 1 

o 9 ♦ 

* 

r 

r‘Xi* ? 

VA 

1->* 


r* 

rax i ♦>" 

f) 

tof 


r?** 

rr x i ♦? 

foA 

1 V^ 

*=-UiY 


W— a £ ^5jloJuai A* c£jyl jljJLa l J_2*A>- i odbi A^J 

^ia»4j oJlw 01 CsJ^~ $ O*-^» I J^ (_£j.A «}1 aS o _^l— 

.tXu>J^A 

oJy^> OjI^> J>A»> ^y\ ^“1 Oj^O^jl 

yV J>fdJd ovf^ JC&T e 5 >^ c£j : yl 

owU j-^b-csjyf < jur <yy o^JUff4> o^ju f ♦ if ^ 

(^J^OU*. OiU-5 •*£*<£* V^ 1 A ♦ • -** ^J^a>fj 
A^ jU \j (j I jUalil A^*jb oVUiilj J*9 

j L—i syu i£}^\ o^J Oi^ urci*^ o u* 

Vli Ojl^ A?-JA ^yjJI 

j_|ju54j>t Zj ^-»lS( \ .„ ?j_)jy>-J 5 <£j 1 <A-J ty A$^j«Ai3 AILw*aS (Ju«9_^A 

c£l uJ_j^ Aj oOa a5> c—I OJ^^-y - t£j>i Jl^iil y 

f^J^Aj <X^Ztjy>~^^y>-jb $ y>~ y* O J 

(5*J> <£JJ* Jl*a>f J J*9 & f&S <j>j aS c-1 

oj><? yi J*»!,; jta>oi yL^f *u&j j&a ^U» j 5 j y I 

^JjcsUaS Jy I jIjuLaiS 4^>L*A *&J+^ ^ 5 * 




IT 


c—<5y J >^->3 OiXul ^ * Ojl^ 

jlJ tSjjii b wUj Lo 

.bUjlo^y eU5J^^JU^4) ^JjwIaJJA o*AA $fJl ^yyf 


jiSL* olf’jU-o© ^Jj Jl*i31iJ*9 


<s\ C—jl^»AjU ^1 

4x*i»^>i tjl5^bi^» iwJx-l 

oli* j^»,5 JIaAjI J (JaS * ^5j^S <A*>L» jlXl<-M< 1 7 ■», » >* i_ * Slj$ 

^^I?4i <r.iOjl y>- .OblS^yft 0*^5 J 

C?L_^ AX~Jb J5 «Alil^^* <AlS ^y C^-l 

f jV S^aJ 0>>- <-£«*l>* 

i <Jj*3lj| J 4X5^5 c£^^0 JUjuI_J ( JaS C***^ 

<y^W-\yW-? £>*>y° <^W* o«*i IJUil 

aL^JAj ^x~*>« 34S JUiilj '( ^« 1.«. * ^ 1 4 U> 

jly AjJUa* ''wUa^J^J'jJjU- <*Uaj ol^>- (J^ 

^ XJUu 0O£ As^Li) Jf I oj4^ <4 -*^ > ^5 

*b»uwjA(i > i.ju ; j r J r iSl$L»s) Ojjjjjb 

.c~iy ol>v '-> Ol*S < J&<^1> t/vl>>■ 


+ 


v H' + n H'-sD x + e ( £•**• ) 

A A 6< X ii^ ®Jk“ r^iy^ A1 ~* ^ j^cri ^ aS 

: .s>\y J»^-* 

N D x +\H N ^ r He r + 


Charles Critchfield ■ t 

aS Ca-hiIai^j |a* Ojlil <T©^1 . Y 

} Uul^y* (3hjl oVlnAj\J <JLaS1_} ^J-aJ ^»1 JUo 

. <Ju i *," - -O A > xHe ¥ yjUs- f> J* WT 



OjK^-* ) ^1*4$ ^> jl ^C*9t<g A^*)1 »cA 

0^,^— L)J3^-^ °JJ5 ojltAiU» ^ji\ «Oulflio^^S J^o4^>j3 

Jjj ^jA oU^ ^<>5 Cjj\ jr* oL>J^J K>l 0-^1 JjU- 
3 oivouf Djl-l«l^ft tsl l^jlo . «AlS^y* 1«A^3 ^ C*^*! 

A>-J^O^L* ) ^l> (S jl~* ^y jl _J>- A^-j^aS^^LoI 4X^JJ.5 ^y>y 
jP ^Zi^J c£l> o 4^o | l» (SJ ^1 iaJ^j < 5j\} O 1 jl 

. ««Al^l^.» (.jl-Ajl (S jAirtll «Xol-* 

jlf S jli« yj 

t_fii y obuA»d^ L>aS ^S©jLil <_A1 »a ( ^j 1a> 4X^ n AS < J^a3^3 

aS db 1 ( y* 0^*04» CsJb^JZj A»e*lj I iX^3ijy>- oiAJo I oV y*J J2> 

C>j\ j/>~ a>»j^o^>I ,J^o4> 3 j <X^Zijy>~ C)-)3 j1<AjLoaS f l^I_s> Ol j^> 

iljijlAj^J 01 Lg lS < ^ .*«»■ T J 

I ^*^3 V-3^1*4» Cf>'OuS 4i t\.--3tj y- olXo loi aIsaJaS ^ 

(S^-^>333 ^^~c-1ao jl^ ^-JpjAi jdJ a> 3^>- jl«A^il»C-^^^>- 

.<Ai 1 jA 
«• 

01 jmS (l*? f ) Ijol^be* Cr^T 

^: < : » cg - <> ^CjLb>- . o<Aja (o^ ♦ C-5'^r*^' l5 ^*j) 

(jlS^Li. mt ^ I< o' AI^m/ J 6dx> LaJ ,)! ^«*>IaS OlSj h ■»»> ^yb£' - ' 

^Ij^l ) ♦ ♦ £-3~*S~~> A&\j>\ l _ r >3 VL «J^A* 

. duS^y* jlf-1 'jZL+S <jSlgX*jl (-3^JpA^Od-w ^>-4> < j-OeJL* t C*5lj 

Ojl«AilA> LaJlw *jy>- Jl- - 1 OjJ 4i 

4» Ot»-> 01-to.? 

. dLw «AJ»1 s-l^>- U 0^1-?^ o^l«Ajl 

)* ( »»* ( »«) ( ^ Ajt-OL#— l a5o--J0 1 3 

A>- tiX£f iAfcly- 1 ^ 9 A Ol^**> 1 s~i 

l^j 1 C^jlj^ijl t ^yi i y*o^3^\ b»ojli«>jl C^loli 4^1i J {j*£- 

JUS^ f lej \j A>>- 0 333^2*3 0>^Si^ 






i-1-1— ‘—i -1-1- 1 ■■ i 

O B P F G K M R N S 


r? jsCi 

J L*j_J Lli o4-» A. k 4aJ»J C 

>OlS tliM , L»Kj 


jljw aiXL> 1 . - ■ ! 


jl*JU 


1 A* 


O jM ‘OlSi Ocft» 1 y>- <1 jJ£ JutoJoLw J O ^UL»^i 

j 1 a^*Jc£jj^a (jl5jls-«i O^jljl • tX» I *Ajjbl^>-jA ctljjlJj 

r^t* c-M 


J 


{ _y~<* (Sy^> )J^jic-l—p. T ^>-| aS C.^1 ol 

^jL»*Sj <_£L> O^SuVjJUj AI*«^aaS O-wl «(Aj I ^y* 

>Jy* jAaS Aj^SoloJb C~*JA ^5 . «Aj^S^y» iAIt,m. » O A»-?^^JAaS 1 j 

ol^-ii- dJlj-* 0^u*j lXXaJ i y*jU C--*(l c£^£*> ^ 

C-«-wl ^jXlo-* O^^IjLm» ^1»*AJ>1 0^-“» ^b**l Q<-u»-o->- y ^$L> o 

Jl 

djy C-~j3> ( a^** oiAj^ ) y cJ^ 3 ®) '^* au ^ <3 *a^*j* aS Aj^SoL^ 
jJ^IiaS a^_>S Ol.^y» <<J^L JJ^o aLajII» <T0l5 jLlw 

- «AlS 1«A~> yz * ^ 0^>*aS £tJ JiAjA* (jU—»1 ^ 

Ja2>- t£jJ^iiAjjlA ^^>-aS ^jIS^Li-iaS C^aScJljiL 

A_S l^j | .JLLlS^y* oS c-ilisfc* c^lgzc-^wl—> i y^y>- JS*1 j J^»J 
— | Ll) ^ ^' ■■' 

kjJbi^cA c?1^a^>1» 1 ^jLl> . JkJLl S ^» <^-9'j^i* csta 

uX«,wl> aiJI»!^ ^>a!«£».jo^ 5 ^^SiAij jlfi-1 U^*J cfljjA 

C? W Oj L M » 3 < ilD SjIi^aS f l£3it> 0 I JA 

C*3- ^** A S c? y^ © ^li-M> ^lij» • ‘_ ■ '-* 1 1 VUaj^ ^5^3 

J>1> 1 A (AjiJ^w^-O yUi'j*» jl» 1 0 1 JA^>~ 

jl_iiljl Ol^^y* <Sj\yZ)2 Aj y *OJ* *A£>l^:i- dAjA^j a^>" ^^StAJj 0^1$^ 

(S 1 Al^rjOlSjliw ( yiyodJL£&~J5*S CwIa 

. JUaS ijL) (J L (,)^Jl* (Ju^* jl ^yn-fc> 


3 P J? jU*jU-< J^sJ 

nZ~*\ otXjl^^ o<Aa | ^3-^*9 1 jA^j 1 C«3 aA> aS C^lavA-L»!^*" 

Jbl»AojLil ^I^jL^jaS Aj^SoUj^D :aS (AlS^^l^lC-l »A>Lw 

^51 .0-^1 ^y^y* «—Ol5jll-u» <Zy\jy} 

) ♦ ♦ (j| C-^lJ_^1 aS lAmUUj oj\jLm _j-i*j OOL* J^i> J5 

Jj 31 aS cili 01^1> ^.li o>i o^-i 


1^4 



—J (iXcuiL UlLocA L" J 1 ijlacl jl 

—^y»-» J* b 1 .<AlS»l> (jb^J C—jl J}* JpbJjb UfclbcA (* y>- 

0-1 b.}*.? fy>- Ob* A^y^ c£jJ->b«AOw<oS Js>Ljjl <S Jui ^POuo ijl y 

(J^ >e J oIo^aS t£^iiuL «o A> >J!S IjoTojs&iAf *S 

^ (jisLj OiXmI 

oajt>LL-» (Jl-te y-asbj 4^1>. 1 ^IUaS jyaZ Oibi j\^ (S\^y 
(J^-l^jl 0\\* 4$ («^U yS Sr '-> Mt ^^*^-**^ 0 >—<y° 

O~0A*<jll>- A^yi^SU:^ «AlS^y <-^1* 

4j 4llw* i «Ai^w4> ^JjfclSojI 4 I»- \j*J> 0^.>bw JlC-US <-b 1 

J$ (SJ ^1 ,y-—L* 4S ^iiAO ^jI j\ { J^i .dO <A*>ly>- ^Js»- L*» 1 

tAiLi^LoS o^-y- osj^aS c—1 o-^U* oJ c?bb ulSjU- Jl-U 
£«b ^My» ->a oj\i^ aSo! Cf-Js cri 
oL^yi^ylgi (S .>>>- 

lyl ^jo^jla aS JL-& c-ob^j . ^ cjj$~o tS y:i : > i>Ai 

j|<a1a4> (SJ ^ybS 0—1 01 f O—b^bj (Jj>-I^ y» 

Utolj! .»A-^y 1_9 yw4> <_£ ^yoljJ OJJJ^> <jl iblt£ 

^wAj^y 1(AI_>1 <Jj>iyJi c5^yjb«> (jL*J ChAa Oyll-w^ aS Ar>ry:J 

■■>->-\y* uAi ^y,y* 

1 J5 y>-^yy£ol «A—>JA ^ * Lo JcJ1»J^>-aS iA£0 ( y<i ijl»£l A^«»U»eji» ^£j* 

_j) <AjL*>j vXjbl^r>- O^uajtiAj ^SjoJ yw» Jjl 0^***$ L^l^y 

<X*? y3 1 • J*£S j (^y* <if ->^ 1 ♦ joli 

a* > ♦ jl Oyb>» oIjaaS) 0-1 J^^> oduL» l) C^ly 

^yisl_> JU^l aS iO | t-b I ^y» o—^AiA$ t^lA-^jj . (tA^J^ya t ♦ • 

(jl ti^b j d 5 *^y 4 t^bjbLw 

fb^ 0 ^<y* 

a_^j i < iAiS JL-i^l Ij ^S(Ajj ObjA (*U> «a^ ^ ♦ 

^Lus-I I J £Lx^b fl^^S ^JL t > Ar>-^ aS O-I^jI O-ib ylbxii 

aS 0^5jb-«»jl o^X£- bir ^b> . ^yl«JL> 

^SCv-aJo^ yS^y» jiy oiUl—1 O-yb^jj Cy?“ Ob-* ^ys**!* 



iAaMI 

^jl 3_>1 a A^>-j L*ilJ 4^ei | j <<AJjS l<-0 «Ol^>col ^—fcT ->1 C—1 

(aL J cS^*" (-^l^^jlj^j O^^-j-i) ^l^eil aS 0—1 

> * ->^il OlXw 


ojjb 


JuIazS ^jSj\J ( JyJi>*J i^Acl <Soi.l 

Olr jlut aS o-l^yj oijb j\ J oJ^jj l aL>^, j3 

«Aibi J^-i* Jl— 0>Jb 1 ♦ U 0^.t,jy>- . C*wf ol^»’ j&'P* 

.iA—^J3_^>- j^JjJSo oObUAiJ 1 J3_^5>- 0>"J>— (*UjL“ 

( 3^—©«-Aj 3 1 rjH tsUL.9) 

pi^lj * o< a — Adi^Lw^S i^AAbwj L*>^?^». li ^^1 lojL— ^1^^ (*L.aS 

oLc/>^>lJ o«A-w vO^>' - > 1 < ^ ^ilS^lz— (ToLt 1 (J^L>j3<i5 o—l 
3j^>* ^JlaISo ^c— _>1 C^liJ A^-^Ai L* c\»—J^>-1» 

1J 3 y>- ^^SdujA»e-OL)l>4 S^joJuJLt>-j 3 Ol^jll—l^U . JlL£»1»*Ju_«,j 
«AjjU jl^9 J-*»0 JUslA^ij ^15^9 0*-i J3.? OliO^y» A^Ul 

A-^-lj^-oJbj3 JaA9_J «JijliOjfSldLo ol^-* jo3^>* (J— S^jLS Objjl 

\j O-olj^O O L* Alajljj3 jJ-ili ol$l <jl j^^^aS 0—1 

.3^S ©<AA»ULa 

jlj*jL <£jfjJ ,J \y? 

1^o15^jIx— ol*^ ^i— ^1 <i** - A----^ Ol l^o 

iJL-ftjl _5 (J-aJ J3 O-^^J'A^j OA— t_94s*-JLSJ 34 S (^,a 13 jl^ AjJllaA 

jl^P^lj 1 J 3 < OJj— aL J Oj 1^>- ol^>-JA 4ia— Ij^J c_^l«i^Jb 

c£jj3 <JU-ftjlj (J-^dlj »A—t* ♦ AiojLo ^L>-l30jl j> A>-J34^1i | 
J 1^9 4_>-^l ojLl** ^Lrs- oJl^»" <A^— OaU>- Uil^o O 

< A« — ^ O | 1 ^Loj | L | J -*, * 1 

L | $«A-* 1 «Aibl^^-^Oi (^Ia^U»- A>* «AjLoJ ^9L O 1 jA 1 CJ?J^il 

^^$3^ J^l^ ->aIj aS «AlS IuJlo 1 libojLo 01 a— I JA «Ail^J^* 

^4—f 1»^* 1 ^3_J A^L—1ia5 « j ) l_^^o^ ^LojI)^ «A a ^L ( 9~^*~ 

SaoS 

CT^jUlj* jUelifcAjb)) 0lSjljOAX—3^3 3^>-J 0^1 J— ^j! 


i 



ilXj I »L* 1 U ©l£l—O^S \ ^Lj 1J 

.OjIcOu-aIj olJL* c£U>4J_^j^5j t£lg)^c-fl»4> IjlgJl ^jiao aXjIj ls>-j 

ZskaaS Oi^ Ui_j>^>y aS o- 1^> 0^S\ 

. „^,X- }jlaJLA «JuLiU 



Cr- J1 &*** 

(if ^ _>L_> « cr- J> * 4_j <^£l&o jljLw aS ^j«Aj3 

AA^l^^i jl C$l4l^>-4j^«j - Ow-d jkSlgj | ^da*» Ojl^> 4^>J^ iijjl.5 
oiAjbt^ija (4i^Vl clL^»ja 0(1 j) <-5^*G > ^ O^jLLu» C^lp" 

i i-- 1 (^)L«wt«i I (^LwitJ 4_i aS ^jjlSxol^?’ i 

aS ijluj ^ ^o i l i i**jl lA^L^L-* » iA ^ <itl< u i)^» 1 j o jl. 7 *» djjl^ 

,>^5j) 01 *0b^Lw aS 0*»' L?^' 

^ f R tjjU^Al AC^oJ>tA ^IAaA^O^Ilw 

0->i-* C^l^J»*»»fj AZ<iJ j_>aS C—'i 
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csbb JLj> a,m« > Llb ji ^ ^ J _j 

C~*^3 1 * J^ Oi\ ^ -O-IcSaI^ «y*»^ 

© jLLu) • ^«M)l ^ » ..« * » * * » > ^ll^i | * * jl (J 1 

jUaijl OulAi ©jltAil 1 <s\ jIaaS A Z2tJJ$ 

ol<A—i^Li—© ^3 ‘ L ^-**'^ 4 AILZj U c£kAil> £j„plAi>-JA A$ C-^**>1 

jl^$L© t X J!JJ£>• yL_L> AfiJaJ^ Uyu A *33^£- A$ tAiO^-® 0^-*j yL©»«i| 

. Jl£fL> <Ai LaS Ca^I C^l®jld>l J^)ljl ^X>jj**! ojli 

VjIa^-o-» C^VL_jO-*»lw?‘—A^i^S ©tAol^jAS ( V 

0 1 3 °‘A"' AS«i^ ^>1 33$ ®,aIa-mi ^j\a^ $3~‘{^* **A£>L£».a i «J^-O 

^ c^lgJ^c- jl Ai^j Ol^jy» Ij 

(.ijL^ I J a yjl A_S L^lojll-OA j cS y>- jl) Ol 

aSuLjU t iZ*-~t\ iJU-i_)^^" f^>-^>!bU f ^b-a 

J\S^j\ juSiJJ» x&* ojlui l4j ojluri ^ ls> 

csl^J&Vot' v>T J^r ♦->♦ ♦ A k 

©«Aj^L**»©aL© (jl5jllwuijl I J 34 S luj 3 (—,*-«**l ^ * ^ u< 

» ^jLol AI^/J ^jlSjlljil OiAj^Lw) O^Ll«?l jluu) 

Oj aS Oa^»*I c£ s< 7^J > A o^Ll**» C^ u ’ ^iAJLm*^ ^j* AJ^»j^Aj 

i>»V^ -AjU J^ C—I £$I.J OljA J^aS^^Is CjJy+o 0U*ja 

^ 1 3 A^Ia < V . j > *i>33^*" yl^ 1 1 Cb < j; '* y^A^ la^I A ^^ yiul.! . ,! o * ^ o^Ilui 

4* la&Of Oi^ ^ly 1 f ♦ 01 ^^iai 

6 ^ ©jlbbw 1 a—>- ^5 ^ •Cwj( o t ^ 0 Jfui f 


A> 01 J A^Ulj 
• ♦ 

^jUzjaojLl-ijl 


Capella A • 1 

C-^J c^r M ’ A <i• Y 
©^Ll**» ^^IaS o^Saj Uyj 1 $ 3 ^ 3 ^* • o-“»l L© 
.OLwU AI^»1 a O-jl J3> ©jl<A»l ©^ AS C*“»l 

3Aurigae K .r 


♦ J* • ♦ ‘1 f Aj JlC^- ©jLi- Oi' c—i JA -f 






(if* jiCJ 

w r“' AOxJ»A> <3^*^* «O*—1 A c3_^Pjl jl» 

^JaJA» M^ 0 ^” ^LL 4*~J C*—I 

aS ( ClL^^ Ij^ 4> _} 1-a *J i, i^ 1 t *yJ 

V/" 1 ^ i>*A a | OtXw AaS- V1 i^Lm^a C aL*»wJAj 

<s \4 $ O*—I.A «Aili^ 

^iai <-£l<$ili-* ul^ibi i_fl<3jt<Aj 

C,/ - J^ ' x * = ? 0*-w l OaLoj lj ( I AlO liAj 

C—l •'■O fjjl*-» iA^j ^Ijl .(oiAjo| *_>llS ^Sds Oj_^> ji 

(_,) 1 (^l—i^oOu^Lui ^>1 ^—3 Cj aS 0—1 AC-^*>*a d_ jL_X*k ^jjl A$ 

t ,jl».< i>* < «i> o <A » P *i_ * t> - “*!_^i^ j **J (£^*1®3 a>1ai ^ JAapVIuLua^S j 

1 ju 1 o^>" a» j o*—l _>aL<p OUUS 

o-l c^*- tbjL- ^ Infrared **£ J^l o»^aS i c^M* 

«jIouI^^jIaS ^ylSjll-w Cj>l^ .>„>1Jjlib^yLJa (^dOAiLJL>j,> .l*j 



rv J 5 C 0 

015jLLm< A-j>-1>J Z2.^ u> t£l<$l^£-£»—ul J^aS jJ-wIj ^1$^$ 


, a<XZ) cO^*j 

1 AV 


«OlLj 




1V ♦ ♦) ^jU (S oj\ j>- 

. (tj AAa_ L> D 1 jOl «Aj lo 0^>" 

O^.Z>jy>- f j\ jLi V 6 <_£*>?■ i ^ 

t^lo^\«Ail 4> ©jLlmi ^_i| . C^-wl c yjtifj ^>\ ji Y * * * Ol ^ia® O^>1^ 

\jl> ^^-..©.^ A/t^jaJL* Lo ^lTaS *ciTJ^j* 

JLSS- . (rAjCi) ^9^ ul t/ylj 
. • ^♦•♦** ♦♦(♦♦!* . U ^°- 11 4> ■".j ...i i Ia* ig^j ti-j*» 



r a jjdi 

• 4A^isu^J Ja^VIlAaoAJ* £ ^jLmJ ^ a «mJ 




J* J 

jl l^LT IaaS <Aj U ^J 

<J^T ^ J^Lr* 4 ? <^3lS -(^^5 

C-^»1 o«Xw c£l^)^p L*»^. &> ca 5 ««AjS^^-» 

! jLi jL~> JL5^> 


o“i 


Cj~ vSl^)>i 0JJ»i 

-\> s&y* <j^-iy^ eu^ui £^i 

^ ^j^aaS <+i^i J&A* \j^>jj> ou* 

^a-JH’^a C^lftnA^Jjl il)y>" • (*0AL-S/J 

»C-^^>-l^iA> f «A$A> f<A9 ^ j} 1 O-kOA»^ ^j 9 *^ 2 ** fc}* 9 ^A* 0*-j-»*iAS 

jbi^ oji^ V->-> & 0M*«» *tiU ol^ 

.^Jjl O-OAa IjojLlm. <sJ$>^a i j>\yjZ 
A>OiA2>-^!5l4S c—I o<X^u*J oL^^AAi^JdaA |oiXw4$^jLft^_fl^o^)l 
t 1 i £jj\ y>-4z>-J5J>\ 0-^^>- 

(jlS^li^ j C-£>^>* £>->\j>- j\ Ojl^ A>-~\> ^1 

C^ >< ^^c>^^ )< ^A^j 1 5^ ajL-Mi^^Aj^^iLft. c*uil ^ , »S ^^) X^jlsufe 

c£l^ 5 < <-*j! ^a o-*o a_> (cL*^ jy>- 0_^J-*» Y * ^JjIL» ja ) <j^JL* d 

Ojl y>- A>-J3 .Cm-I ) J f' JaA9 A_J>JA ^1 ]£ AlpVl 3 

0^J^*cHa jltS^SjJl^A^lAi J AjLfrVtclL**^-* 2 A-) y* 

. 0^1 

_^ L ...t lfeo jIl.w {j>\ 05 J 5 0->i^>ob>“JAA> A^aIZaIj AZ*J1 

<^J>>AA^ t y w >l^> (^l^]Uii|jJ*5 ^U-JA t ^W>-UJ J iO-l 00>*O £U 
CUj s- r^H —J LuiS l j<_jj*$ L^_^*a5»cj» .O^uri^ j<A-J jyo lib4i_^jijj3 

(CmdI <£ jlx*^ Ol S^IjLm» ^ U OLj-w J iSj jjl A yy *. *>-i5 W«J 

^j| j\ (SJ^^kS* ^c51aX*« 5» (ji<Ju.*.:>cjD ')k*£- 

fcU ay i jT ^ 5 y JA JUiil J (JaS JA .tLi »AP»I^>CJ oO 

- I . ‘ 

‘K ^ ^ * ,‘w-A^ 


O^4 Vl\aJ (*X> lj Lt 4 ini 



£JJ9- 


w^-^ VUj^aS ^3j\ >J ^ui 

L?J t_ji) ^Jk aJl_*jJAi 1 ^ Y* S <Jb»J^ aIjL^j* 

^Ou-uijO I A.»aS (^As^lJ^cj J^> jl J3^ U *^*-*->3 
» i^AM* \ ,A^>j c£l$]^£-j3 c£j^jl 


ctlw kSl^Jlju3(j Jjtd 

l^Lttjl^AtfljLc- <_£j_},5 <ib«b*r^>^ cl-L-kK 'Jac\*£' c£lib4I**.ib^ Ob» 4$ 

C*~'l (J A-*l'f C^jr& <y>\ i^^riAS JUilb tb-3 JLZ> 

O j j _r^ ^U^i^>j\ jpSL^» jtJ'Cs-js 3j1^jIS1a1aS c^ld^u^oVouJ fLjj! 


( 1 ) \D X + ^H''—* 

( r ) r Li^+ N H N - x He f + x He r 
( r ) r Li v + N H'-* x He f + x He^ 

( f ) x Be^+ N H s - r Li*+ x He* 

( A ) 6 B v + N H'^C XN +&^ 

( ? ) 6 B u + N H N -xHe f +xHe ,p +xHe f 

©_jl«jol ^_?b Ai_4*jt> aS^t U 

oV L», a j b <J*® dL^* c£l^* b t£-b^l O^^Ul Olj^^ 

JjU^oUoIS' oVl*A)t aS ^Ji A^JO (>: jS 

.oi J&J& J1 

OLa 4 S ojUji^ JUiib J* 9 Jjl ^ 

cLlZ9l u >ajiS'A> aS^JU i> <*-$ U>>- . ( 1 ) 3^5^ O J^> 


Dr • Edward Teller. 1 
JbAibd* 9 cbb. oVl*i>b cb 9 ^^ a^JI .r 

iAjSAvu^J 1)^| ^»S dl^iS 

• 1 •* j^cs** C>Jy& 


)?* 



s£T j* j 1>Ao 

o_3 ( _ 5 ->- JLajI^I^ £^Oi^ <^->b jU 

0 ^ 2 »^ .331 c?^Ij3 C ~~jAi c£3^il <?-js 0 > 3 ~* dL aJjU <^oL 

(t* j Y ) fj^-3* <-£l>> e -® j OA ^«aiS oVLi>b <3"*^ <J-*^< f ja £>> 

( ^ ) jpS-SL^ t£Uc*jb JUisI } < 3 **.? ( Y ) JbAilj 

Ob* c~3 (vV oVUiil^J^ £^,>3 e£l^ ^cs^^r 3 " *^>*cs* 

.c—U^va O^Aa V^ r 

( ^ ) 0^1 uicw (^lx»A ^jd*SjUiilJ (J*® 

4^-ij Ol5jlr-c£jS^ 0.3 ^ V->-> 31 ^iLi>- (J ^ cs J jl w r > ^ 
C-#>- Ol31 cJl^> 3=*3 ^4 Aa4>JJ} ojU (* 3 V J-^l 

(3^ b < js^w^a y Aa * , 1 Jbiib <3*9 £^j <^.b^ o-**l ^ 

4$ odLw 4T^>- 1J *. ^>^_s>-4i 4,1?^4* 1 . (SJ ^>1 JL^l^l 3 

lil > 0 <Ai olj^3 j\ jZL*S ^l—> 'Y 4jc1>1 OO-irJ^Lo 3 L 0 JL&-I 

JUiil ^ J*9 Ajjbl^jo wT^l »C*^I t£l4Z~Jb ob 

<Aj_^J | L^l4Ja5»-^(_ a <3*15 Oj^«» 4> b <£j ^>1 Ojy ojlciil J Ol Jj-^° 

^. j J u $ c>j\ 4^*_o Oa.^^91 1 * bobb*-> 4 S c —1 f^V 

4 S ^Uisl J j 3*® £^j4*»i a]L-«»^4j t£j(_M^i) 3->l 4 S beibl 

y ♦ ) o^l^—^- 4 j>-j3 4 S ^wU 4i^»b y> (J^z 

L_> 4I-J1 . $ y Mi Ol 0_^b* 


->A 4$ <Xil» 4^-y <l5^J <>jl4* 1 <**il | o ^ ^ 

(3- <:> l^ - V 4*-il ( D-H ) b c***'^^^ Jl*^>b<3 AS 

I l3p « <_**M 1 ^Lu^w 0^1*4llj 3*® 4*Jk^l ^y) 1 b 

4^41^* JLao- Obi4l^>J «iJl» J3 4$ 

31*aJ1j <3*®.JuS^g* ol1 -> 'Y 4*-2»l <c*^1 ^^ 

01 j JUj^I ^ w **<*> 4*J^) (JJ4 j 1 **—- 1 b * ^ * D-H 

.^jli V*® ^5 c£j^r>- Oljlj^^^-» 



J>olf 


JiLi J^>\ (SjS'jA c^J j;> < jCj>- 

O* ^ 1,1 iO I (L>uXuil 4 j^S I jl C^l4ii>-^A 

(J>iL^^ -^^s* v^ ->W^ 

Ojfui OaAj^sI-« iHi J*>*J> j**k£, £>1aS ci^5 

(5j*?Lc ^JL>* OTj^K) ^j-yUJo iSlPoJja y^f J 

ojf ^>JA 4f JJA ojfaif^ tSl^iUJ OL^J«i A>>J 

yj < oycJ" ^L-j ^JjS ojfJf o-Jjj^ tSyjx> 

• dbUiHlJ ^^Ao 4) jM?Lf 

OL"» OL^J* «A~«-ja*-L> ^ 4 j^>u ^>1 ,>j^>-_jl» 

L^jy>- S*' J3 3y*> j>* { J L> 'J f C>r^ j^sSjlalA aSj^o,^ 

01^ aS c—lO! JJa Cjt*j J* <>J $3=n ojU 
^>-jL>’ ^jslV o<A^> liA>* ^Lol L® oj\^u> a5 

<+*> ^-^»3 CJ?Jj .c~-lA^b zy>-y (Sj^A^c- c jUj>- 

t* ^ (J^-" a_S Aj^Soto^ 1 » ) c*-"l t^L^S jl*—> ^«5 >Ijlc- I 

Ci->^ <Ji^ J* aSc^- 1 01 -? ‘ ( a i- i 

.OlSIazsj 0^* jl ub?” 

< _ s ^-jl>- ^ls^ ^L>-b t^~S>ji <jlf* ^ 

Lmm_aJ^ J ^tSci <*U <x>b <jl5jk-“* U aJ^j^p- 

<J^>-1 ^*4j Jis^j^a (JjL-jaA» ^SiA^wj ^j> ^ 

• i^slj i<> jLwm) ^n>> |kXljl 

cSl^Jtilw oVUiilj J*9 

^yil IHa ^jo i^T>* cU>t» aLl^aA» 0>6i 

0Jj>v\jL* oVU^Ij Jji aS ^*ao ^Uly^e JU c^ 

u^Ju t' ♦ _? 0 ^Ju*cHj oL^ c>->^ oW--^ ->* c -4-*' y 

(£j,S j^ojI j>ol>ji o ^j>- ^J^Oi^ ‘ Oj^=> 

.•Jb^uf^A eiJLo»lj ^La» aS C 4 ^ I ^aJlL5*cJ» (.jlSjijLw 

uSjl=— 



vUi j vif* j* j 



jjObl <iL-w ^bl ^ o«Xol®J 

4 S iS LSc^}\ ojb a>>.? (S j\jS*a> j 3 ->>^5* 

J,-o olU I (jlSjil-w ol >1 _y>’J ,*>bt>-b» Q ,*>..,> 

I ft 


-1 - "*l o«JLm> lii*i 


iA.oJJ" ^mi 5 ^51 4$ <A£O t< ^* 0^*^> 4j»^u1^a . olLw f L, U~ti W’ 4 ** ^ 

c^L^b^ <s,y^ c-a-^ja ol j\ '^-* a -)^ 

C-^>LftS^^fbUi I—^S J £-ZLjiJLS ob jl (SJ ^jI «aJ CSl jJ i OuiLs 

aj<a>- OISjLlw^j I oj!^>- o b* jaO_^>"-? 

<A-J^j> <J^JL»»a b ^g*o JljtAjl _} b*$ u^U- Cl-Jb-t£l 

Hl^Vldb^oj» £ Jujl * C^-* - Oi^> y* 1 M—• O—j b c£j ^—^1 






JUAjIj Jl i J .»*\j 01 Ol^jl —-**y I 

Jyl {yA*.^ tlirh) o^AO 0J.J-NAJ - 

A cV-Lit* O^L>jl .C—»l*.iJ_p^ O—:> 1 

O^^lj *Jj!© 3 ^LoJ lj^^>- Cyt^^ oy~*~s 1^a>U» aIpVIcIO*©-» £ y 
fiAl—l»^* «A— ^S.S aS^^I*^^ oLcC- ^5li 0^ ^j* £ >J k <J ykt+* 
->l^>*ij3 OlSjll— Jl*» 1 A£^»j aS e£l$)jjjl AX-i 01 

— ^ Ij £ B N ->>J c^L>m^ l£j^1 <aJ^J c?1^3 «>AOil y <_]—!,> 

L_^» | dA—»» {^IaLh^ \Z*^“y*> A^j 1 ^yt^ttA) aS O 1 *^L* | y JlLi S 

. iX*j 1 y$ iS jlswjfc a5^>Aj ^^hi ^LtJ 

ij—lj jl^^oJ C?l^U-*3 (Sj)a>C>Jy*>±k ( f ♦ ) <J£l «J$ 

o^-^l l^j 1 y$ aSc£ 1ax^c> c «w> j* lj 

<g' Al*».,) Ji A^j 1 Ji A^jL> . lo^l^ ( j*jL»j 

J5 (SJ ^jl A-J^T jl { j^jk^n £y Oij \#S \jl ^ill^tT O-o—i (jpUjLl—1 <Aj 
d.^w l^J . » ~ * ■ * 'Cjr' <-£W^ ^r>-^ ‘ ( OJyj^ - Oy^ojys ) 0—1 J€ 

5y>~ c£l— aS ^ISjIa— o^ 5U^5 £l^il 

jj&\le-4i udi^i oVUijl SdJo UiAS^l^i^^i . «Ao \yyi^» 

^Ojo_^3 aS^^^IjAj < 1^ ^^C.nX^i Ldlc- O—o*— 1 oi*— 

J^L>- <Sjj\ «A-J y J3 Jyb Aj > J*A>S’ £y <-\Jj>*Ij Ji OlSjb— jl 

. ooL> o-*-*^>l 
• «* 

Cr- v5 V>* J*W 

y$ c $J ^jl JuJ y u—I aSc^Ij— ^*o\l£- c^l^jLtiil y (JaS 
— Km g* CjJy& <X*Jhjy>- js AS^JUii) y «UU dlo j\ 

O»^-*»k>'01 (S Ijta O^IaajI^ Oj.1 J^l^ 2, «ijli ^yuil— lo^JL>-l 2>j-^ 

y «A 3y*l O&iJ OjLjJi aSai “ >« m ) _ (J^)^S © yy^ ^ ^yoi^im ll^ jD 

2>y*y> J£ ^lj Lj^oI J3 aS c^Iai*^» a 5CL <Oi yS^ jl J^ji 

y^Jy(S | yS . Q o S tAfbl^J_jl O-J y&4* 


t 

o o-** oOu^ 1 A 1 


1 f’f 



kUlj £>• 


J**, j± jy } j r>~J s rr.w^ <s\**^~* jsi 



0 % A F <j- K H R N S 

f* JSdi 

jjW Jari-^ (J-wlj ji t_jlJbl>cjn O^btAjlj (J-*$ <> _ s >*l^j 

•* , 
t L^^aP- J ^ « ■ ^^^ , * 

d^bu-^ 4S c yUj 4j5^I_j JJ> O^-Ajl (.A 4 '? 

aS OlI ^iLiJ jl jL-~o 3^ff ^-w J^-C- D 

1?A 





Jj>- 1fb>"0 * ^«AiS^ya J** <_5^“^ AJLi J3$ 

. O***»! OI Ol-\5-> ->\ lS^-^’ 3~ > >J~^ W* 3 ® 

(J_*t£l <J^1^—* ojU J3 c£j^*aa 0>*^1 

■ "Jl^ - JLajui4I^j jS J,im> a!S (^>mS IjuJ (.jlSj L. » 1 

jUlji oj[z ^yb 0*3 Jilk* .X>U Oj^-> ^1 il y*>^>- 

jl aS Ca-> 1 c£j> j** } ^3 J t£.^lS c?L»*»| iJ^C- o^S 3^>" 

[ | JjtJ Al ^ i.— 'N , ^uk! OlXu ^Ja^uJ ^ % \_i ■ i-ty C 

4^3J aS^( j 1 <«-**■»*> c£-)15 S \ iwiLljicj* Ob-* >* 

asCjT 4a . *^b Ol t£^S J'* Cj>j\ y> 4>>J3 _J _>^-w ya^JL^*4I3_? 

JUail^JjJ <^l ;>>*>-4a L^jSy* Ojly> 4>*Ji 

C~«~i Ji - 03j>^J 3 f^yO-i <jb-« JUijl J <J^ l y~*J - <S\*1~> 
«Aj<-^> (^l^iiljl ©<Xi ^_?<J?J^1 • 2> _^'-’ t y° jlj^l ojIxj-> 

^j| AS <Xila ^^>’>*f^. < _>A.?.>oldoiO I A$ y"J^ U J O^S^y» o 
C^ljolaJ C*>^ C*5l>®jb—><JuS Iouj Ajal^l dul yLi JUjlal^ <_J*3 

■ ^ 


< s )^1 «Ail^li aS^^C, fS C£>* 34 j ? 3 iJ* 3 * a£J | O* 3 " 6 * 4 * J 
. 1 ©jb-w o^L-fijl (J-o^- ©jla>i iduS il>t>l ^-wCut^ly» ^J!€ 

£jj\'j2>~ A_S c£iX=>-4a 1—> (J^b-Ail (J-*^ <Oi^ 3^ ^j~> 

3 03jJ«A-J 0b-° JUiii _5 <J*9 O^b^l ©\_^4a c^l^a Ol «?! ©dC j_J-^»U>- 

^j3^1a jl> c/’L-*Jttjl ^ Cjft^ ^3^ 3 *^*S Co U5 f^cJ 

* 

JIaAsI J (»3*^ JIaZjI l> y A> 

((Aila^ys AI-w^a (j | O*j0^j J o^jb-» (_£^S^« A>-J3 

^a\ _J 0_^ < y* AZ-i^j cJl>*A> C-3b>- j\j 

JUoil ^ j* 0 j 3y~^3 0>>^S f j^i Lj* J^£i aS c—I cJIa> 


ojlcVii 01 l _ s ^= , l AI-£»jAa ia^a^ya C*Jb»“ aS C^>- OUl • l 

c« »**« 3 o^^j*^o c*^! a^jLl>-_j O^^j*^--* aSjcS^* 

1«> 0l5^b-«» 3^ 1^^) 


\99 



«ST j«j ,ji> 

dbu» ^£>Ll& j^-^ 1 ^IcvJL® 0 ^>*,j o j y^> 

^ 2) .J (jcX«w C*(‘" .*l Ojll_«>f<-L m»_^ di» ^y>»S ^>1 

^1 C^ s _ywal=Je-» jIcVAa (JyC- <j^ J>3$ f U-j JJ> ^olic- ^1 J*fcT 

4Lw_p i_>l^ ©.^bw A^ 01 

o\j4* <jJj_0^>^S b_?i 4S JL-WJ c£<A^-4»0l t£jS^ Ojl<JC 

1<A*> 4__»l.^i ojItVil (j 1 (*^l*A-« O J y^> 4» Oj^JOud lM"< *—? * ibl 

(Sy>- | ^^LlA»! «A-*o4j 01 . 5 y* ,>^»1» OJJJ*-^* Cj^ •J^~ ^ ^ < ~^*— 

V^V !>.'*».J <jr* crtrt 

©_>bw» C^l^ Ja-M»^luatCj^-c«w Ul]u9b> Jl> jJ»Kut 

lo^l^ loi ( f ♦ ) <£1 J OtV-WC^Lu^ 

cJb-^3 ^oL>- obj^>i 4 S A, ©^b»*>4» c*-*»! 

o^Ll**» I 4S ©JuO (J£li Obi 4^1» b>- .i ^-w4j 

o! »cc!j^j 4^,j ijl_j 

Ob-o | ,^L»*o <jrU®©_)b**».,^l^£^j (OOtal,^ j*oj **Xmj 

4 S lAfbjj^a 0bj_5 <0 -m»Ua <-^-2»J^>‘4» J ^IskJLo . ci_« I 

J>^ Oj^>4i 4iditiS oljji Ji ojLlm» ^1 

4$ . jd* o^y Cum^O^-*^ 1 4;*jbl y ^b»ji 

4» < u^L y> JuC jy>- JT^r^cJ 4Jb^jjo _*?! ^y>- ^SdlO j^^ >J 

4$C‘-«'l ^6 ; T ,^3- 

. • f _ * 

vSl^ojU^ 

» 

_>lc£lo^>U C-*-*ji j y 4 S (Sjj 

.? $S J$ 4$CJl> <0—*^ C^>li 0^-^bw 

“ > ^^'l_S > ° ' w ' t ^*,/jJ^ O-ol I oi-C- ^C^a>y O^b jl iJS 

^£^9tA 1 OlLjjLo J 4amJ^ iftsjil* ^J»! 4 S 

4Sc—.«AjjU jl^9 U Co j J L 


1 * Pulsating Stars 

)?v 





(JjliL&J.i £>ISa> .15 A&^sjcj* ^l)l>- 

^.^or* OW*i ^ t 5 ^-^ »_/ J?’ cSl^S^S^ b 

Oiy^ jy CftAi 

c£^iaj (I 6 1 ) < w j^~ w 0^-«*5j3 

Cbbj\ (^C?^J>3I *S b <Sjy ct* 5 ?^^ 

^^t^KAtJ>^JSC-u> OL*«? l w ^*»*** 2 > '^j O-'-^b^J ^*-wfcJ ^Ot*A .^jlo^^S Qr**J 

iU U v__oUjla <l)jy*>*± C->b cJb>J aA- <S o^j^y» ulijj 3jb 

. 3 ^-^y .>.?-y jJ^I«a>- 

jjkil-A C^L^ojLLm» A_S «AJtO^y* 0^*j 0^*-"l Jpi oJuJbLi*-* ^b 

C^ljjJ ) j t ^*joA-C Is aSc*-**^ 3^ <^Co 

cS'l»3) f Ua> V Jjo^a aS AX-*>i 1 . i J> Obj b^* I 

©<A£ Aj^ jO^j! aS 0^3*- Obi ) o Ju-»lj <f 

<(c* u ’l 0 _ja i_/*^.2^-3 ^SjS I 

dAj L O^yt {j *.1 a5 OLhO^ 1 -*-» » $ jr^^y Oj^» ^ la l* J (*i^° 

. (f 1 J£Li ) ib ^Jp" 4 ? ^ es^?" L^ 5 ’^ 

Ol5jb-jt Al—o b-5 J y £>^ 1—1 y jld£lfe | ^ ^ 5 ^-? I Ay 

l ^j>\<*>- <jb* vSljSot^- ^y-ib ^^*ii by^s ^1 

.^y* fSj JtiliAI^b ^gdiuA J Ob J^> oJU-jjLi-ljO- _5 

C»*l—» M-»^ ,_£*>» ^.jljLs ^y-J» yl StXA>li*jh 

Cj>b>^yU* ^^aju fl<A——S.^y < _ ^ wJuD ^}lia*?lA> I A$oJ <0^5 


C~-l <Jti oUl Ol A> ^ ^ 

0 1 A^lli 1 oW>j) ^>^(3* Jitw? ^yLwJJ < *-Jo»jl aSc^J^J (iCij a5 ( v^j|aa 

„>i • JuS^yA 1 (JuA^4aJU <A-wlj 0<. vi ..« . \ Q<«»J | « ^*aA 

^Ji J T «a^j>^5 A^jvIj i_ 3^l?AAC-j-<ig -ig^la>- ^Loj ^o*.ViU.«.»^\a$ 

J9^1a>- JIa^SI CtU^^j eduJLj ^jO^umAa aS 

U ^cioUtf Am) U. U 

.3 ^ oii5 U3I b.-? Ua> 



j* j jj fvU 

IjC~**I «JbS <Jlia^ ^jjl<> y 

i< ^~~>J^i ^1»-T a 4lLw^ jl 4-C -jjuJzysb oObjL <^*Sl^S LJLc- 



c^J I 


fl J5^ 

<s[& eOw J 

. ctL^s» <> 


C£ Oj IjLw 


1 f S 







C.J-*' Ob^-i 3^oj 4S ijijy-ojz 

Ij ^o^c^aM o3^JS (jl<Aibb) otXl_i_> (^\_ft>o^ll-w . O-wl eOLf&LiiA Jjls 

j* r v (_]£-z >) \j ->iy oijL^ 

J {^b^o^jbw S V ^ t * a aSc^I^i^Ij ^is^J y --frrtv^ 

. cUlS^ JlLi\ Cwl JjJ 

ojU*J vSObo jLw4j b^i ja i b ^tai 

«Ju^^ 4> j\i { yjL**£*j c£jlS S J$ CA* 

ijb -b Lu j\ 4j <JL-u>^ 44_J Woti oL^*£oaI 

jZLiJ>*^^s>j\ »j\z~> ><z vil-* 

I obl,«/^j^>4S ^^jUb }t«\S 

f_U; jl^-i^^oVT ^1 . ijli(,|^»ft>U-i> cV-lS^» C^»^5d>-0b 

(^5jlo^yufc')(o Utw ^sSji&U )o y*& 

jlj £>y*> j\ iScVjb^^» y° J* cr*-*^^ C«*»lt£jb 

' irt * A J ‘* 4^1» | dlirl* J^ibtib c£\jb> ^SI.J < C-wml ^<.<J 

l(^) 

•-^^tjr* <*>*>* ^liiiUi c^jl5 

4^0 jbc~wj.> <jb^-*» ©JJ-^Sjo 1 J*' 0^c>- 4»^ia>j\ 

oj\lM,{j2>- <L >-^th 4 S Ob«j|dn Ojli £>■ 

4 S O--»! ©Jl£ f^ j<AaS(^) | Ob<-Lwb J 

<J^U 0^j\ jy} C.ib jb '^ a -*"^ : -* Cj - ' c£^^ 2-^^b»- 

^ <1 .MM.*>CJ 4 S <iajb «UMib AmiI^ (5Uli) 
Jjj(L» <S<J Ltf»J o^_*^i*j»^,>lli • J& 4i-*^<J4> j\i 

o\>^b» (rv) ojb Ol^^ f ^ 

oii^u , v > ^ t_^al ~^ cj» C^l^U-uiAj 4^>1^ 

(j^5jb-w O-—i JL< OuIj>-Ij C-^b- lAjj\ ijb^«c> ChAj»^>\ 


IH- Shapley 


iv* 




\£Tj* j 



eik; 




0 «JUaJ O jLw 

©JlL5_> j\ <S *{—O o<AP ©^lLab-a <5^* ; 

C*^*ujdL A> (3U v*i> Sjji <*jJbl=*>ac£ta©j!dol 4^>Jh *s lUu<I 9tXwwJ 4XwJ 

* M « «v «* » «a 

«A l«J lfi>©_jLLw Aj^S^jjl^ 0^£r^©j OlXO ^1^1 
olSjS" <5^ J ***** f k*» !j J^l ©J^ .3 ^wmAJ ©_JAwAj <j1 

<iijj vo^l**» (^-i' 0^-* l j* c~jl jj* tiA-^j aS ouaIj^^* oao 
til> tl)l—a (jLijL aS OuJUJ» Ol5.^b-»> . C—u»1 

c£l^» aSc*^! l^$j I ~ * *• * ©*-v^3^j <o««l 4 -laac11j_j j} $ j 
f^3 ©.^yj . *A jaS^A c3 ^*oAZA&> A^U dL oL^ 05_5 ^yJua 
3^°.?^ ,yl J^aS^ISjLl-5 SvJ^^aao^Lw $y >-y c—I 

dJLoaU (c^^WtlJ^L) ^g9^l*iU> fliAi V^4 aa J Jl)^a5^» 

aS^^£»^* 3*©L*!» ouLo^ C^Ubo^Llu» 3 <-£j^ *S> oiAC- (*^w e J ^5 . JL»^£>^a 

!^OhXa 31» 1 . u**»l JL»»^j J* 1 0\*^ ©J JJ> 

<*J J «AaaL>^jA ^jjOIj^aL A>^>t£-1 (^lf)^ll>,lA ^IjA) 

{ j l ^a^ { ^\^CJ 0-4 (^^jltO^^.i' ^ >- ^- ft ) ^^-“»1 y- r*-© ©jl!-* 

••*-?-\lS* ->U-iA3 ©^^S^jI ©tXoLoJj J>jb jly 
Js^ia^'L» 3*3 _) jby^y \j °_?^Saw y»! £-ij (TV) 

o<-vJ—_> tjlS^b-u» 1 ©_)l—aL ij*jb jImj lu 

<£j y i «A-JyA» J©yy» J^b^>o ©_}^5 a**A» 

J5 . ^UiLo ©dloly>- £}{]©| A» A^lOx 5 {J,—•£&AS O-i 
c£jyl dL-Jy JC?|ai*»J8) JUAjIj (Jl* 3 yOOa ^yA^* aS^jJj^ L»u | 
d^^r*4*> ^ f aSo»—‘ vO«l O^-SjL^jl Al^^ ^Jtl JJ> 
*|W^U^y jCi4u»b ji?lggO O 

ol3u*jC>15jLo» ojjSt+j b C^Ia^o-U JS\ 

(J>l 1J b>©( )^ * )(J^mli OlXw JLuil 


1. Mira Ceti 


IV) 




fTjyr 


Aj>^lML5Ci(jbiJ c£\ai*»J& C->VIaA> 1_5 cjilla*i* 

OiAaIi J^l, ^O.IM.1 > l>CJki i ^ aS 

aSc~* 1 ^y 15 jIzm ijf 0«A> jl £$1J »>i • C*«<^ Q«**>ji 

J «03^1^ c ~*0 A> OfrO^-O.^^ JUiii J J*S jl bi^- 

|jLrfaj*j| Odd* 0 U- 3 S c^lft 

0«Xm) dU^LU 0 b jmm*& 4f C«M>( Wrt) y ^)|4) 

iSljfe ^Lc ^ jLf ©l$S*«iA JA j-tfUc ^ I y b Of jS^ IjfJZls 

» c«»j i «s 0 i)Lm(J J?Lj _j\ 


,jV ^ 


Ob^r-o Uejil- w 

(jT.iL J A^Jl <0>\y> oOj^ >0 

^j L»w x5 ■ ?T )b~ J^Lu <5^15 ojL*v a5 «i^M i_ iii-inv* 

^>-^S ^y^Lai jUcislU ^j>a 5C jl ojU^^ 

iX^U ,^>1 oif- ^51 J j . v^ t$*L- ^ *i *-~-i o^-**** 

jl U?\>" AiuL <iL AiJ .i^oJ lib dj L CjJy^J 1 J> 

aS (J^A^^U . JuLo^«apel-* J Ji (jl5j\i-» 

Ja>\ ( j-S>U L» jl£*J a 5 C-wlOl^ ^y'tS* IjoidJLJj 

^ol^^-oS^S j* ^yLs» jL dL 1^17 aS c***! 

^j! c?jIojUU Igi 1 zyrjb & C y*} cXy>yo>- jy* 

(S\^y >^Aj ll> i Cw**» f ^L»-* ,>^2 »L?Lw 1 <J^£- f L*»-! 

45* £*«yf *43K+23 obytf «Om y* aJLmv^A» aS 

<5 j yl jtij» (£l&jj vSf4s^ i£j J1 aJ ^0 j*» OU» 

lj l-ALl» —» I o O J U- o7 jTj^ JA 

o^5-)biM* aJL-m_jaj aS A-^-Uoi aS ^^Sob^l 

j ^JjtS^i oJLw $\JI jljkiL» aS C—l \Z*-y>y&>- «*»AMf 

A Py^ZiJS Oi\jyJ 1 (Sj y\ Al^uJb oVl*Aj| 



oilvX_sl JiUcijl 

<A-J y ©0 ^1 olSjlz-* cJ^> <j> — *l j3 *S c*iS O^y^ 

j>\~>y cJl>- ^il o^-* $ c^i i -^i ^I<aS <_jL>tijl (£jy\ 

^1 4S Cwlcj | ^rlli»t-a jy.tb 4»^ia# 1 

O J y** l£j$$')K*3 jl J2> oL—» \ska 4^1i I J>\ J t $ y» i-i-O Ij <sj^> 
.^yL ^-5l J A J ^ydaS 4j^iaj tX>l JLil» 419 yS 


i vr 



<Jus»» 4$U4 Jp f 
jU*jU^^JU(Jo jOb 


oU^ -O-i jl—^s oOvLj I JO 4-5 <6 —jOl_j.> 4£^o5 
I <OLmL ©vX*~»* 0 c3 ^„-uAaA» O^ZtJ^ —>■ 1 J J^ji £jLoa •WJb <1$ 

aS o*i^>- ■>>>■ u* 3 4-*^ t ^ O^ 3 ^ 

f ^5 IJ lU_£»J_^>- J*£ <A^4 _^> iX*i_^J J^ty^^jA y^uaj^ 

>X*>J^j —* J>^>- 0k,4^ (j^Lfciil j^aS £tj jOo 4* ^P_5 uJUwli ot^S 

vXP>1^>-oLa 4^-jUtH> O.?^^ Ia <X^JiS^£-±5 ^yVj^i© 

ljUlc£<-i>l t^l^?cj 4S <Aja) 

.aJ^U jl^9(jl 

jj^Lid© < ^) | <^Lwe4i y>c^> aS^aI 

4 ^ * m! t O (J | ^ c\ i «i ula> 



j» j jujwu 

jLwwi (31 t < V . m UaI^^L* o^LwAi 

c_£l^j^^_**i_jl <s^mi_j jz>- ( - J'^^o Ob*^\^b>^ »a^» 

_J t d j. o > L u u > ^ ,< fl I.A l— g) | ^«iL-ncw»^ aS ^xll_}b_J I jl> 

^JL3 l^jJuali aS j>jli C^lAZ^-ldS C^lb>OI c£ s< jS ^jA<Z ~*-~'* 

^b» JL>- Ol <v£> Aj tfjS ^yA AI^~I<a 5 Al^p» I du hjy^ t ^>-jl>' <AaIj> 

<A~ij^>- 0 a^> ^^5jU^jdu>- C*l& OUaAjC— t .«AjIa Odol^> 
AS^yUObl»! Ar>- <C<<ubJ iZs<m>J2> A^JL>_j AmjIjLa 1 aS C^5iAj L> £y*J jl 
<A—w J ^A Oa-J* ASddtO^y* ObiJ ^jli oaLa l^l^-jl (j^ 
O^lii ol jb_«, _? Ot*^ <-£Jr^^ C.»,Jtb aS dibius»- ^lU»- 

• A^Ia Oljl> 

otlbjZkiJJjB 

O-*»l0 | £-j1a (_£ A>- A^j I c^l ^ 

du-^So^^3 11 a aSoJ 01 (T^yl jL>- 

_i_Jd(5>t*b O I ol^j-b o<AC- aScAwU c£|ajL>’ ^3-L (^IajI^j A^iAl^A 

^ybo ^)L*aA ^j*«A^ja Cj _jJ 1 Aj-^y* ^y^b» 0b«A>-l*D A.S ^xj JJJAj 

• A^bw^A^y 15^3 obiL*_L (S^J C^lojll AA*bj <A!Lui^3^ya O 1 C^VljA.» (^lojlj 
1 djjItAi^yijw | 0b«A5>-L»i ^yodJL^A aS^^LS <jr~ 

.dL Z> «A_Jbl^>- <_£IA__*J>U A ^ybcA^L* ^£l>* ^ C^l * 

A*Jb J 0*3J <A£>1^>-_;A ^y li^3 (^IfcAjLj? jL£*9 O^tJ JA Oiw^i"^ C-^l^jl^>A 
^bojijljl ^->- 01 £Uj->I aS AJ>j J^ya C^IoA^j O J _^Ai OboAj>-L, 
C^l^l^C^d^»- L* ^ytAl^jA^SI .A^> ^LoS^fl* O J !-*■£• Ai-4_L> 

4» t <Jdt>3 AaIaI A^>* OU^^b^AjJ ^iaijA ^yLoJ^-Lrf O^^LO» 

J ^jSOLi^L <J ^ > “Oi^ OjU^C^UijI^j Ajll3 A^lj 1 O* 2 ** 

du-ibeJLi AA>-Lk «Ju*L>-oaIa^1 aS^^Hs SJyAjS 

c^U^i*9 OJj -^Ics^uA^ ^yVlO-1 ^u>. 
w^'oi' ^bl»l «Aj l*_J vXlS^» ,>1 >o11^j1 ^£>"1^0.5 

o A L* C*>^btA duS J J bs^T C^«A^“jl jbii ^S1 aS ^iaijA U 




tr j£i 

oLJ j L —j jjaLTo» Ji 


sif JA J jSilwU 

40_^<A^<Ab - i'^^.C'^iLUblj» 

i>^i->A^ ^y^yy^^ OblOyr 4$ ^3L- cS j<£:>>^ 

• (1^1* (3^^) «ap»I_^>- oj^> oLaa^L* liL 

—I» oJl>> JA CjJ^z o-»*! <3^-*-* 

^Ijj C^w4-» (J^5^1 jlii aS . ijlaj ^U&LjS, j£L>0$Z.i 

cSloU^iCta c>\zjy+Js^Jy «AiJ^j^ ^Ui UjI^jo a y*^ 

jlCi 1 45GlL>-J Oi-o^ jU.9 ^A^Jbjl «ci^5 jl^i <5jS ^a C-W> 

o\j^ i y L:k i J >->1^ syn v^-I 

CC t 

t£l^> lIIjaS fj y < O^lo***»-^ t»Jlia» ^j! 

OuLo . O 1 -*"! «uViLtt oJk-.^^j aJujI^^- ^iaj ^)1 4$ Ajb 3^>*J ^>^0 ^ 

4I^-L*» (Sjj>cA l£.ilj J StA^-jl o.>La 4S rr L $ J* 

L$ja ^71 o jy^ O! k 4^ C—>1 J? J5^ oLa Ju»L> oJ^>-j loJLi» 

4_S i J^jJ I J>3 .«ASIaJLw c£Jlo Al^i 4} A 

yy** bW* 1 {S aL*x£\j*oJS l^yl 

4r „.a >^>Ja-j>tA <J> b*>^^L9^1 4$ »V *7 ...£> Lc&4ja ^laJL&<i^l]L> » «A I ? ... - » 

C^l^L»>v9 U> y^jJ ^9jl*JL* t^libjliLfl L<*SU^i » O l X,<<> ^J-* ^ -*«« J 

IaS c-wloi JUSU $ys?y f^rlojbjLw ujli;** 

jlii C-v-lc*4?- (3-^44^ ^9 .}^3- 4j L^.{t, f y\j5 Jul^Ij 

C.wOjlLA^ji »^y *iXlS ibu I «A-aI^*,»*»^- 'Jl&££JXS jr^*y «Ail^j^oi 

C^I^a^JIUiAs»- ^y 14X-*J|4S _»AJLS jy\s*i (J?A_J<A>-.a 1 jLiJ> ^Slj i A ^b c£«A^- 
o ^>>—4 47^**fc> ^tSCII Cjflft»» J J — JuLS^a i<A_o (j£ OjLfiJ <^cJLi^>&a 

b ^ J^ c~*j* y < sJ^i jT fjS f _5 

^aj«aj>- jl J^j 01 y jb Jj* J 4Ija 4$ 

1 cvl> 


C^l^i^^L^Ul Ajlj tjb-T-A OJ^»^ljA 

L^yl 1 4A^]iLA 31 ^t*y ^y^^ ryl 

4l^fl» Ja-^tA ^4 ^IoJLa t^l_to <- ^5 4^1i 1 <^l>>44 • C^»b «Afl>l^>cj 

y 4l^t»^4 (_£^4i^it> jl ^^syC Jo^J ls>&aLa d419< <jL^rl>4i^b 5y>-y 








fr jO 

. oiL» AZ3j^>J lJu6 ^?"^ c£jlS ^l^JL>. 

1 VA 







Oi J ^^jIaj (JLoSlidS A_^> <A£>I^>- jUjti-L»^ 

.(fr js^i) ju5^ aL^Us ci> 

^£3 (_£^j<AiljA^Aj A^JTJaS ©aIa<AaL>- 

01 J aj^-*» c-l cyl 

<5jLic^o ja ^Jjs! *aU JISC^aS a^^-a 

4) ©^U (^.loj) «Jlol>- c*)U- <«Xi»b,abj ^If oJfaif4)4T 
C^?L>ojb ol&tfJJ ^oJto 

c—a4j Oa_$>• JuaTI j 


^Jb4j cJI^-JJ ojto 

—^aIiA^j ^1 ^jo^Lft >aI».J jl-i*9 O^J" O 1 jAA$ oIaj! ^l]U>- 

JfL«0l cS^JccaIj oaU AJ^i O^ol jli.5 ^SI_J <<Al$ 

^ J Oi* J t ol\—« lj dc£jl5oJL>-))flj4iOlj <iAiS I*a-_> 

4> fit*** c j* &J ^ v5^ J* ciU- J& 0 ©aU Ol 

•& J’ J3* 3? Jlf jf ^^5 

jOU j^-3 jl5U ^yLpt>L-£> j 15^1 aS o—»1a ^ii »ja «ajI» aiJ! 

4U>'1«A>_5 ^y!^Xju) JpLsb 1 jO 1 «A»U A1m>S 5 c?^><A^>S|jl_j A^l«Aj 
^9 jL«JLa_jISL> o^Ia oj\j 0*j ^^L^Ia OLoAJ>-Lj .O—jIa 

_^1 liAi>- ^aIj I^a^jI ^1 (_£l4C-^©*>cA 4$ ^J^jtAa t A_?Ia 

C^ jlol^S \Z>A -W \^ JLa lj Jb^i-2*A 4SCL» (Cam^j ^^j<A^j 


« OlXy/ Aa^" Lw 




4$ Aj^SOl-o-^ C^OA 4$ A4 j>-j^j iAj li Ia» 

_)1<Aa Jj^L» JA f j^l <-£l—<P-?^^$01 CJS^>~ 42KaAj J* jL*A-A (AaI—> fLrO 

«ijS oaIa^^cI^Jj! (^y 3 \^>- Aj^SOIa^ <C^i^j 1 t yQ_^jl^S 
(S IjO I ja 1 j J=»^l S^cA C^l4A*«il> C—1 -L^JOcA 0-O.OjA> 

(Aj ^1) jl>-U (oS N _/> 0l<^A9 A>t^L»Jj>) l^j_5 ^L$CS\ Ojfc .O—-J 

lj ju& aJLoj ^.S^>- C^J ^y\ <0o^i» ^rjL> A_^>- C^aI^ jr?~ ajIaS 
.«AijlA^^^l^j C*-«*ii jlS^l tAjiA>- ^^j^jl^ULS J^L^aaS ( 1 A * As»c 
^» ^X^ll J? jjL~> ^jIaaS aI^aj Ol-®^ v_ ^>-J^^<A» 


1 





1—^-w «l^j Js yjASKJ* bf_^ ^3^3 Aajc-JLlJl*^ f^ll 4I^*> 

(^-j(—* Ojl ^j>" ob>j.s -te i^ s> ~ ) A^j^S oL* C-Jb- ^10 ^Li*5 .sbjl 


°>^C5^ 

^ULol O^'J^bo^ 3 I -3 1 -3b~ ^^»1 uP^y*’ 

jlSb jlS^J Uli. c*$=r j^ao ab j!y -uJILa *jy> o j* 3 & 
sih jlii <6 *J5> oW* 1 b Akw» Oi 1 to^-as^a .OLaU^ 

abaJfjf yj£ 'j#.j *b <U9^f&<dL jUsOl^bj j ^ jj*S3\ JlT 
Jlfcif JlT 4f o^S^^Ccbj a^i^abJOl 


Z**l\ ta^wu UjwO vU>T^0 


?jiiba5!ojUif<b> jZ*J)> 

(^br^fb^-l ly>AS 3 >by I c*^ti5 

fjSi Jo-ji ljt£jS^ jliiAS aJLiU cLTJ jr> ©Jlojl (j I A>aS \j 

jiA>-o jS- 

OJO^* iwiSjl ij<j?tX*l>- O—*^>b>" b> I b-^bji o La O1 

<S\^j> I ^j* Lo .*Ju5^ya l<JL^i bjl5 (j^\^>~ «JujLa J©b)^> bb 

ijT^bAi^cj J 3jP { j£ls { 

bf, 'j^ 01 <J3-I^aS J 3 j 15 c5b>_j^i531 jbi Ob* J->bj Jajl j£>j$ 

ob '-aki^a t\y>-\ O b* ^ 3 ^ 3 * ^jb? Aob c^Lib^^ul» < «AlS^ya 
£ j ~^ “ • >(J. , *^ aA ^A> <cX-LLS ^l5b>-l_\j | ^Ia-w duibl^i-^AAS (*^i>- 

• 3^-m* A_05 


^^“^O^*- 0 db —3 f ,*r?*bAl9 jS oU^I^LrV $£■ »^S 

^51 U | . jlmU 0^1 k* Jb-Ai ^b» <-£b 3 j^ 5 _?bj o 1 -^^aS tx-^l> 

(.^Aj^b 4j>- cLU S 1^01 Cw^" °w^Oi^ ^bii4j UCOC-O 0 _J*Aj 

t ^SjZ'JsS ^l^Laljo^ <X&\^^<£3^ •‘^•1 3^~ ^rti 

Ob“M^ I ujJj^a c^bl_o^3 Ob** 4 ^ C^lAjSb- C*-^l 

C^^aS o 1 ^ .(ff Jsbi) x>b ^ 3^3 B 3 A C^o—3 3^> 

± 3 ^ 3 * BjA (»=?>■ ^31 ^ «y 4 ^ < - i > i y 

AiiU> Aol_^ 0>^^y bi 



'O* j* J 



f f 

. j 15 jLii 


4j , v!>^l o^LjLft ^^^LoSCjj^aS o^J-<»U*U 

<>L*ilj Cb^ csi-?^ r^- 0^ ^”^1^1 

4s*jL<s) ^5 4j LL» l_ 5ji>jl . «JLi» «AJfcl_jr>* ^il^> jl^$i>- C-*"! 

j>\j^ ufiijr*^. *\A^ b® J^> 315 jhi (IA* 

Jjs<£\*j^cJ**> .ojS^ j^j (r 6 A=,rjiv)f 

aS (_£<Aj<Aj>- £1*-m»UIj JLcS^yljuj (J^LaAjI ,^<a£ 0 1 4i^*^«5 

JaUi bb 

Ul C—««J^uwLl* S^Lft Azi^S o^L*aS c>bj* L>d>Ul 

1 A 1 





<joL > oLa 4>-yt>j < j*j ^UjI 4_> 

JA Lg*yf *5^apto w^o^Ufi y yj<0 ,:^ dsbly y^S ^ly 
y y l»> f J^c <stg£JL* ji f jj j«a v5wK^ ob J y Uu 

-^oJ wXi>l) ©Ay Jjb»O^AAotA^J1 OhUy>4S* f tkAP^O^c 

lyTf j? 4»- y>j o y j^^a) wuU- f l^>i oi y^<o v yy 

jU) o^iy- y*f Lgi T al»! ^>s» y^b J 




j 


i-*>© jb yf*jy jfyx<U 6yau 

(jL^r y^-bb ^i 4 ^ y 4 ^ 

yyy <<AiUo I c£©l£- t y*-»4» «aaI>- oJb>“4j ool^^ya jy^ 

^L*i> C*—1 fjV ^yl yiS^ <^1^14$ ljc£j\03 l£>JlC- ojljul Oj l) J^w>- 

,jjujlsl*>! o^Ia ol“°“^- > 'l-**’ 4j Jii tSjj 31 J— 0i lj <^j5 

<—by«-$ aJl^^ajaS ^ylu-wl^cja^»L l» . o-—I 

^cJo I^i(_JJs>J O^ba ) & ♦ i_^yl*^>| y !^s>wjL£j> 1 419 j5oj^ 

io9 4$ (Oy» ^y> iyuj u^y* y y ®j^ii> i j^j^i yi 
Lao^$4$ 4^-Xj ^jJ U) «^^yS 4 *ujUl» 0—1 ^-aj (-^J^^T* y^ly 

. 3^—l-^J^a JH1 J^3L9^Si tXjl^3Li4$ » « » ' ^.»» o^lt\j| C-) 1 

A*.> 1*^ 1 V ) l_a 4 a^ la-^Q o^L«-m> (_£o^ li— (_$ilg.<u 

liL^y oU jy «jo-4> y^j© jlo^S o—l (y^->31 

f y?-yj y.?j.> “V^l—* csL^ayl 4 S c~^l© yy Ol—>• } ‘^yy* 

O0«>jylJO pIjO 1 i o<JOj 4X3^S pJbJ’jh*’^51 ^yl—j ^P- 

. j^I j>3 oJLs-^jW ^^jU- (_£U>yJ 
jU-ba.;oU4^1>, (S ^lO-«^l <S ^3CJO>^^>4S 

<«aoS loo <yi^ c—l<jl o^-y^ 

oy» c?^yy*^o-j>l ly | l^j ^,^^►45 o^»!^ jUaijl 

o^U Ojb ytyOy 6»JU) UJ iab«Uf cSy^o 


1- D-S- Kothari 



tif* yi j f iXJ 

iwiMib 4i* c«mI ^fowLi,i j~j 

ju>jb cA& ** C—J^L) X>UaS JS J y, C(o^* 

0^*-> Ja$ j£L?;y> jL-J C Sjal (f^>- J^Jj' 

• (.iy*»' ^ <_J-^--“') <, - ^3 ,N cXib|jjr> 

oOi Ol j)_3 ?\j >-1 £l*i S f jSf jU* bUjI 

Jjjl <jlS_>U~£L.i ojltAji^yZsL» {£\ 

t". )L- wL^c-A [ { \.**24La (JjLk_wl^>tA AJLaJ I <«Aj_)I3 A_ > 

aS ^A^y>- Obo-^>"L^ A^llj AI.9^5 ^iaij^ ^ajAj 

1_>1 ^P*jaS Aj^St^)L©.£l>A^>- ^^iajLaJjL 0^*>i oOci 

Jo | ^C~OAi C^2>0l C^l^O^lSGI oiA£- t£jjjl oL AIS yS C-JU^ jU- 11 

^^“jl^obA^L» 0 J J *—9 ^Lol_J 4 1 A>t_JLj a3 

Alfti (_£l*>4^,it> ^ ^y>- L? J J jl OjS ^jcujlLa Ij^jLlui {^y>- aS 

A> • jO-nj <aJ 0'-A>-' A$^_>fty> 1 

0 a^s-4j <u~.i LLI JjUij» J3 ^1 0^>“ J^U; O j J 

A>4jlJ1 liy*}} ‘■i>-' (J- :>I3I C2y5^\ j* aJl^^aj ojLaS 

• (AaS^a |«A<.i l">j> Ia j laLlxa ^1 L^.a.^j ^^Lx 

Ali^S ty\ jl aS 

t^Lri^ <<Aj Jur* C~*Z*» J>y}j> ^«jr* *Ul 

ob»*o^> <«xliS i 6 ft j c£iAi-M*it> u 

f^>3f yfjj) OjjiOl^ f>> aS 

^>1J v^VOdW *^>*cs* O^JVwU» C^U-JA 0^y£M <sf J> 

(^|^> iiA-iU OtXZi A^.>-Lw ^yJLi- ^^Jl^jIaS u\5 S^IiLmiaS 5jIj 

01 ^L«-iiAS 5yZi o^IiAjIOI 4-ijli ( dL> 1 J2> J^Ijw A^j | 

Aii^S ^ 

a L m .L kJ^ ^5l^S 0^1 (£3^6jl«Aj IoI-a-A^a L*j^ yb t eJb^ 

^L^ r U;j^ . ciL (>>a^. < _^a 

oOf.) ^yl^C-Aj (f^>*) ^yi 03j OxaJ 


i Ar 





^ (^)L».£bL) 4^. t .._o.ft> 

^U i|-=-^=r oj~-Sksl^ ic-i |-=-y=r 

Soi Ol^iJ rt_Ar» 4*—» k"UI • (“- = —T = fj 1 <S 

Zi T r 

O^o-fc» Lo yD t (.V.<.*.'L>^~Lft> y>- (S ^51 ^S>1Jl9 

. C^wlj> tAJjbl^P" Oyi^-_ls> yJls>-Aj Jp^iy* £,t*-£* 
otX^> 0^y .J cJb- aS «A-o | C-*o4i y—A>- Ai-iOkS ^}^£tSj\ 

l_ >- *juulnj| J-aICj_5 ^SoJj a1j>-^» Cy.y^~ 1 o<Juil^j U 

3 Jr-^-lj O 1 ^ J^JT* C^-9J3 (j3 aS As^Lj 

A_S iA-So^ yU^> 0!r*^ ^iyAi Cy} -? * «Aitl^i- Jsu^> 


0^y> _^lx-*»> ^yc£yLs>tAA.» J \&ji^*>fj^\z>- aJuL*^.)^ . } 

0 1 A» Vl»J^ aS i_Jlc- olLaJI^ 1 0(Xu> 

(_jjl 9 5 j!>-3 yL^L Aj aS C-^y»! C-*»>l ytU=> A=*j I 

((<A^il^> C^libAl^j j^J)Aj v— 9Jy.-» y>- 1J Ojl C^lAji^-^lja 

0^—Sjll*j j\ AZ^O yjl <AO g »—y >l^>-yj 1 jlyJ A5CjLj>-J <tXSO ^a (jLli 
C*^*s\3 y-o^» <-£-V .Ou S~.Sb y !^>_J Ji i—j J a.iU«Jk^. L^y>_?lj 

^-ij 1 <-^-»«»« 9 i.V■*. A^ i_^->*>l (_£i©tAJ*»L£tj# 

Al^ij—S < yjl . «A^>1_3 C)J3J<^+J ^yljl _>1 cAjLo l_j 

jIouLa aS A>^^J>- aS ^y - * Aj aSCjIj! 

0t£O A^ti^l AX^Jb yjly> JIaAjI^ <_}**9 ^ 

jltXjL/» {j °y < lAiSy» J>\p -1 I j^>y>~ (jy\^’i\^j^C- 

oV^; o _>lj_O^S^jl^^Jalli JujL-it^lf&Al^j jS~jS O--^-—- 

Jj II jlaio /\ »S s J> | y> yL»> | Aj . yisLlzja 

^jC^^CkC (w^Mib jp jaJ& Ojj^^kA*0 

AJ^saSa^SoL*) OjjjaJ f^fjA JfOj/jA 

Jf y\*$ 4T ^ZjtZS j} 1 ji J^JUfcib ^ J^3 ! OOLi^t JT y^yj 

«—OU’JJ'-i-^-J aS iJUaSiAjI» bo . L^OjL») 





•c-T^^ ^ 1 r^r?“ W-o <j!^j J Sjlz^ 

^ISjLlw (f A)J£lij:> 

4a I . ^lota (jL^j ( C—1 ^r a -'0 1 ^J> J <S 4^> 



f a 

^‘LU^ Li t.^1 5 ij- rL^l ^ ol* JsLj'jI 

jlgSslwl >JoL>- tilj^.9 (jl 4 -^*-*^ 

cj> L$ i4$ iA-^wls AJLil^ <^>-^j .AlB ^S Oj^ 

13^^ ^yu=> £Li <j^o f? * ( * * * 


I 1 ^xia<i*i4>4S O-wl iS l^J-o otXw(jl ^ji} ^~J^' 

«Ai ^^ i (_J-J.i t J 0 lX&L^La ^}jl ^51 ,? 

4-SJLi (jOo^U ^51 4$ ^lo J^> o^JLil oJltXjl(jU^ ^j3_J>Jlo 

i I OtXi 4XJ>*Lw(^ -i > I 9"J-5 pLftJ J^<dJ oL'^’ L*mO 











ir £jj>- 

Ai9^5o J$*£> ^>3 ^ lg-Al-«d } 

—A$C>Lc>- . 

<*s*> * oSjU AS t ylSjl^jj> (fc: J^ 

^-^.C- fL-^>-l C*H:>-J.> aS C^cPjr^ i «AiS^y* U* 1 J^l CwT?’ 

^^ C^l^jJ ( ^1 ^ ^li^Ljl ^^.moI—J OlA-ui tjl^J ^ 

^L>-^ cXX-i 0^ j J 4 (-XlS^ya |<A^J y**l bLu>l 

\m 2 y&>zA As*J I oj1<a5^a I j csLo t yy lm^oIjj k p~y" 

o$ ((O^a aSo«-w 10 I ^ | O-^-SAi 0”*^ c£j.J-^ 

• ‘■H I ls^- 5 t>°-> *y* y* Sy~z~* y\*^j\ ySCy 

j> 0^*JU>r J-e^ ^Jb^o v jA-jJb ia»>^U> ^ l£>- 

•aj» a^f^boT ^Ife- 

p***~y <y* ^ t ^ < o^La AZ9^$ 4^.L>- ^ ■ b C- (^£ ^■Ic'Aj 

yy J »^Sji^jLA aS 

OiJ <*i3^ ‘-^i^J?-* a>- 

Syiy* jl§C*f ju3U>- v,2jL>-**'be-* ^ilia-tt . iA£>\j^>- lcX-^> 

aS 0^ 0l<-^> « -Ja^i^L* ^\£j>- ^il^i 1 * i_3<Jo-J^ oib“^>l 

O^^vC ^5j5*^4 C?«Cw» 9V^ O^lc^d^A ^A 40»**J L 

^SiAjJ (j^bAj iXJ*jy>- aS^I^I#» ol J2> . C^ ^>oJj o^ r ♦ 

1^1—-« <A^-w^^>" £t^2M> aS (^cX>1 ^cj < lXm.U od*-uJ ^3^" 

. CA-it\5(j 1 C yZ> A$ 3^iiA£>l^>* (_ol^9A> <t ^^-"'^ ( _5 A 

JUOw ^5Ub4j^J^-T^ 

yj y* I )):«^j ^^jy^y- (_$^^ll^^Ar»t^]i» otXi>|^>- 

yj\c^>^> ol^5^^ t C^**<^Aj>-i^Jb- jL.^«j JoJL^jI^) 0^> OO 1 C >- r“’ ^ 

- • E • ^ c^lil Obj y-y^ Jy> 

. JlwIs ^g-> c^.£*yyy i iZ*s>tA£> Uca^(J1*a»»j 3 *Jb iAj1_^j 


1- Chandrasekhar 
2 E • G - Wells 


1 A? 



^ y* ^ 

(*^>4* IJ <_£jljal5>-| Jl>-JO L 03 <XJ!jjy>- $y>- 

(c .3 J$ ljU<uiS ^jA 

l 1, *. — »9 c*j”"C-Jb- At> jgt-j&A» ajl^JI L—a 

0<-*_>3 4$ 01 «J^*-*l 0_*■* ^ 0^*^ oJloI^^-A» !_> 

$y>-j\<sj$* oL5jLl«> ^<olwI> ^jJujIsIaI « 3 Ol^jLw 

OL^a J3 J (»^S ol^j 3^_r>- (OI^jHaj LS^ ‘. «A-US^^j £;_;L>- 

C?|6 ^)Llu( ,JLo 3 «AjleiA-jLwJ <_9^uza4.> j_ i )3j^7>* O^JJ^A-j fL>J 4S^15 _>L^w 

* ol<JL>-4 j 3^3 « 3 ^>- O^>- aS ^3 j£.i 

^£>l^>- ciXw 0 ^^.? ^SlSjll»** <-£^^ <-£^Lo <A£>l^w ^J^j—jIaj 

e|j jl ^ o<X^wf^j_) 3^>- aL>-^j-o 1 4» aS cJjL» 

,«Xjfc3^A 4^3 1 3^>- ^aJ^Ai 3 I j I <5 C^j^l U 

<Aa . i « wi ^ 4$ 3 ii^d^L-«t»f jj<?.tJ>t*»J Al - ,.|J 

AjUi0f 1$>T £l*ij oi j(a oi^-0 buJ aS C—I ^Jj3 

ab J oJUjloi a>> J <C*wt jL-j viobu® 

. c**f IgJT 

O^jb—< 03^)15^_a cJb> 1 4j^OJ ^j^j47^,:>-J T —-^ -i 

^Sdi c£^*-£» ojLui; 4 S ^>(Aj3 Oi 1 ^ ®C£ Lua^a^) 6 _?Lz^«; 

fUjJ3 J 3J^3 t^W“ t^L»! 47_i^J3 4Sv^—i OlSjll— j\ 

L__a As >-ji 3^_J-® c£^y*-u» o_}LlLw 3 _^>- 0^-*5^ • C-^Ia^Jj La Jl«_w^7>~ U 3^ 
0^5=aJb 4 SO I jt 'jZJuju0 ^>1» 1 Y' i * • ♦ (S ^£L>3 ojblw ^>1 4^1)1» O—-j 
J C?U- <S^ I I 3 ^ L l^ 

C^^x-w ^5 Cj3^j J (_5" Ck ^ 

1 .,i.»5> IjOI 4 S) A?Y JL Lr lj o^Llw ^^»1 4Sd3^i Ol 

o«3Jbl^a eljjl 0 I O4^>-LLiJ 3 jS 

0i_ •-* 1 aSCj | c^L>4j 4j>- < Owft I 0-*04j (£^jjJi/ >- r*^“'° 

^^^•4 <1 ^1 ^ ja A^ ) 4Z-Jlj_». A ^>>L> ^n a.. 4 - 4 . 7 .««»^ JaT»- ^J^^w4j L> (_^lib6_^)LL««< 

-—j» ^I _ 3 j\* \ J C^jUa^ii «XiL cSJ>- 4Sc^3U I 


4j 


1. Clark 



zjj»’ 


aS a 0^ 0 i 3 5 < otJui c^jlaobj ^ti £jjy*> 

.a^yoLr^l 01 ^2>tJl_J *_!!—*-'\^s^a oTc*S^J3 i£^-i$ ty> 

t_^>L a» ^jIj! AjLa 4>cJ I 

<XiliA^l.> J aS^j 1 <_£L>A» iO^^A £Tjl>- l£ yJ^> otLi (-iiSojlj 

t<Jl^-»*>l< \ i £-*•> bu^ - b i_^«-**<b-I-AA$ 
^ J2 ojb-w I ^jyAa~> Ojl ^ aS OSO^o Ol^J 2>f>- 

^_K v^jl jy U d_S C*-*-«al>- (Jy& • C*~^ A^-^i )♦<♦♦♦ 

^ ©jb_w ^j! aS £><JJlr ( ^S c£^ a-£» u^-Osa Sjb*n <_«.>.x.^ 

fljAi olC 01 ^cri C^Co AjUla c^lflt>ojll.^ 


.OuaIu 
« 

C S ojLl-u» q\-4X? y A^ aS _ iJS ^*L«*> l Al 

^^Sj) (£5 ^^a <JU>- J.} (_£lft>djLLw aji» ^>1 aS (SjO» ^^JUaA U 

ur*^ ojl^ A?>ji LS 5 ^* C-asI^*^^ 

( 01 <A^-ljj>l cSJoO^ i £*)^yl TZ.5 01^^ 5 ) ^i-j 

$\ —*j| aS A^j_^J>* «AjL» ( Owili AILwl^ jS> ■ «, * .> ^LLaA 

c£.?J jl ♦ I jL^.3 ^ jIaJLa QlSjb-u> l> A*-jIaaJJ^ Ol 

OI^^a ^yLtfjAj (Sy^>> wv>*L^ia ^jdoA» OJ>\j>- *>J5 3 J6 C^\jy 

y* ^ ♦ o i ^1*-^ $ _?i> y ^ ♦ ♦ ol C'**-»o ^ w ^o^^ t * 

^ - O-u)^ La <\^Z> jy>" £,^-*-“'_? ^tlxw ^1 


^—ai-' 0 (^IfcA—^l nJh ^JL*JL>- 6j\«-Xj\ . ^ 

_ o jiiAil U I A 5 dlj i <SjjJ 1 ^5^ 0-* J 3A) l^j | OJ^ y>- A^-ji 

±fiJ? <J^ 4 > jUsif cUa> aS (Sj-tr? (S^r> 

—AJ3 Lsw.) t 0-^u*J b_5 oi>^aL> 

tL 5 ^JJj-> «A--A-«> c^I&a )y jS> C)y? • <-^> 1 O-wiAj £>(A^i> JuAj 

Ai Aia^-^A o ^ b c^l^ia^' (JLaIjI <0u_) 1^ db>*^S *J*>} 

^ls>-\jAi ©lj ^ 1 jI a-iU f^A-A J 0 >“c5 , * 

\j r ^i^l^ oiAa | k^jbS^ol j^aS^j U>o jlajl .allS^Aob-^ 

ri ©cJL Lt ^»L«^ ol J jiW* j\ 


♦ 1 



Ob>> OL<0 <£jj j\ 4JS (Sjr*-^ T J*J^>j\ 

C~“».>4j Ol^2 »J^>- f Lo^aJ (Sj*-Z> A^>5cj l 

ojL* i»*>U ^v 0i' 4 0 (OT ^ A ) a/l> 

^IJl l> ul ^^ 1j)X ♦ ♦ <♦ ♦ ♦ v3^K*t>^fUiu4j 

( tt\.y) OjLl O | 4_ ■> v> aJu^Aj jl_* 4$ Ai^S Ob^ j\j* 


tLVjjb^^o IjOLSjLlm» olU C-JL>- £- 5lj J 5 <X*Ji*j ^S 

f C^ L> i 0^1>4 a 4>-^jL l^*o 1 J ILo 4 S <Jl^wl (_£^-j>* O^-©-®* J 


* (HAH (^ 5 ^ 


,*..* * M .4.3 C-? 




f I > _/>l (.£^iai (_5* =,t ^ J * <J>_Jw>^-» lj (J>u^>L a* £\aJZj f ^>- ^5l 
^L«.3 £l*-£ 4 ^ (Aj J 5 ‘(^6 (»t~ ^ (w^ J ® ti ““' 0l^>«? 

^zSjj^ o^Ia cJL>jo aS^c-U-^jI 4 ^j Y j& 01 

^s>-1 ^>jyji& ( w r c> L>'tx^w aJ^j^S^jI aS < A£o ( ^*ol£J 1 . O-0 

4 >*^j t^^*5 ojljul J3 U t oi\ y» / o^L-ftjl aL >^a 

Ua^-J ©L.i^/1 (^o J*> <?Xi ojlju|4j JsIY 01 

Ia iXwj^> jLaa>I ^ICJb 

JpUarstjl (_}^-l_/* 'A—£»Jjp»“4S(JL*> 0^-^» (t^-Zt 

i^S>\+£LA 0>6l aS«AJL cXfbl^>- Ol-^^ O^S>A^1 

<jr>1—L j OL&JO1 ®*Ao 1 <-£j*~Z/ 

< «JLi<Afl»l^>- <s j ^ZL* ^1 jiS(S ^*>Ui ^Ja9 o jljolAj Lo jl 

o^Ll»*> 0^>c©-^ Ij ol-*-^ 0 1 4-^ OL>Oi^ 

01 t£ iX^ZiJ 2 >~ o_}\jZm> )) jSiS ^^1-1® jr^ O* ^ 

<-Ut>|^r>- Ob*-*" 1 ^©jU- 4 *pcS'lAlar^yj» (Jjls 

Ou^J^A - ttjA* iS^~yZ>J$>~ 0L^>- jl Jj> aS (SJ 2 * 

««AjIj^* ^^Aj\i ^Lo.J ©Lo U aS^^> iA£> 1^>- i ^l> 1 ♦ ♦ ♦ 

^jcLoICaI O! «Aj 0) AS Jy> ^S C^ldjIfAjlAa ©L» A^>- 


1 -R. H* Fowler 



jy> 


I aLa) f ♦ * 1_J O j! ^>- Ar> jA . JOlo 

Cjt* J or^3 £■? y* J ( - T Y A ) ^ J 

<£\/-* o^->l *Jl 

^jrti <-^3 J J <y~^T *& I 31 ^l\o d aS Aj ^SuU 

A^JL>_;3 O^-i jlc-1 «A— t*j^~ 0^3^j| ^ A^jIjI^^Lo I^jOuoJ Uo L_i 

^-4_> jl ^ a Cy~*~} c£.jj ^--> a>-^£> a. „ L0-31*5 1^1 

• * - w I AJ^ 



l UT 


of S&-1 jj 


Is^o! 1—i y iAj | ^a 0^-S_pLi-w _}5 aS ^Lci^o ^L«j 

(S\cj\ I ^^SocSjli 4***jljLe> Js>L*J j\ i ^J> 4^S*J l^J | SjLj3 

U_a-w| Lur ol^ <_)$IV AS JOjy» <-^S 

<x*jjjy>- 3J>y>Jj5 y->- yjy Lo .i_^> JjUaS <Aj I yj^pAi 

A>-J3 Oj t^yu/ aS 0 1 (_£<Aa,» (_^Lolj I J^y>o J<Aj (j*^ f*— L* ^y>- 

l^-*-> cJ L*5 L**» (_f> I aS ^jui 1 c£ j c^s {_j I ^)u *j ^ I — 3 »-^ ,y I 

OLa-w | sJU&IJLa . JLvS^y A^jpt^Jl^ (S ^jlaj A»*-Ii>- jl 

£l—«ojl ^yu^iSj Ojb yl^Sli^ <_£|aa>-U A*Ix>- ASciJOy» (J)L^*j \j 

(jLio C^L<jJ^>- yL^-J JlL>- olj^S O 4 ^-*^ 1 J o w ?l^-**> di> (JlJ 

. «^JO^y 

OtorOl^J'U v5f©^U*g c+Mtl^SCk* JlJ oaVU^ JJ:> 



If* 


wU> ^lr J 01 ^JJ 4f JUTfjU) 

jUciil 1 a$ cflojl^, .£>£> OtiS^lc 

^j~jJoi\LZs>-J$ jl ^5CL> (jl^SU 4 0-**>l A_)a>-^Ajtt <Jili \J a.~ jJo jL~o 

*_>Jj>o^>-a> 0^^^ $ 3 ^ 3*3 Ai>jpj ^ 3 **^* 1 O^bli- 

^ «JuS^^J t j> c£jO^ 0L*»J C *~*\jy A J S t *°A?* 

t <-i**_«i J $ ^^hX13j >~ji ^jZSjJji&s C ^^*'As 6<XZt o^Llw» A^lj | 


c£.ita-Jk>A> JLjuAji o*^-* <-i 3 33J i j A c\\3> ^^-o JlVjA» 

* ^ Air* 3 U ^ 

J y &SCj 1 J»1— j\ O^* '—> ^CUj 4^1il 

£~*&3 <<s 0 o 3 lg*o ^-i*i>-L> aS <_a^ju>ip c£ta^l«AjlA> 

_^1 4jJlio® Sjjja Oul^io 

'j***.»» fljA> * Aj^^»l ^ c —1 o_^i o^>- t ^-^js>A»_} o^ 

jl Aj^oj ijkii>- jl . (JoleJu-ftlj C^»l odJ-lS c^(Ai>lr 4 S 

JU^I ^ t„^wui| djLft | (^^So OiAaim^^^ jl* mO 

^g>l ■ c£1_£>4jC>19 I ^>1 l5^“ 3 ocLoLoj (f o^Vl**» )) 4$ 


.«v .* K 


a \ a\ 


1 OVf oL® ^yli^-J^ jls>tAjl IaAj (jbj j3 

^>1^*0^! oiA5»LiLA ^Sjlojl.5 i*33^jla (^>1« a]l*^»^4> 

^S*- ^ C-olgj aIs»-^® Ij o^liLu» 

0(A^I^a 1 ^ ♦ f JLwJ^ <£^j£->J> -^c-ri t_5^^ 

l2^t_?l—wi O^^ lj b 01 f4$ *Xmt 

Ij ijta j* j\ 3$ f U iS^Ly-»» | CA^s>-j2i jl»«iil 3 3 Oi^<_/“i 

jUti)!^^ Oj^>4i 0^-®-»l 0^1^ ^U-Aj f^2*ci 

otijblw» ^5 <xLL <_£1 ^ 1 A a£1s | l> juL® 

^X3^3 t^l x ^ r *-^ 1 ojliLu» jl ^j^ =>m i^**3J 


1 • Novae 

2 • Tycho Brahe 

3 . Johann Kepler 

m 



siS" yk J 

v^Iac- ^Svlls o Jy*}JS L ',»l 

t ^-~fcr>uO! Obj l£«-W»j (J.j W i>.j ; ‘ A i J: ?"4 ^ (•-* 

. ( V LS OU -i)l - VIII ^iya* ) ©«A.*.. 

StX& _;L>-lj 4I_wJk5 «tXft>l^LA 0^^»01 aSo-0 

aS <_£.bbj O^Aj aS OJ>^«* ^U-wj i tiT.bl.-t ' 

oIaOOcj .SjJZt *<-X.»3 ^£j>-L aS C—--i 0U>- l^j | <ul+x^z> jyi L* ,1 

—O J y~° O ^ •*■-“' 1 c£j!a ^mS^L .& aJ^^uJA» ^oL>- 0U> aS ^o-L^.^ 

U A^>- t tSl yS 0l5jLLw 0b-»J.3 4 jVLw <\S iAAO^* cjl«£*J 

CjJy*& jl>cflj| J5IV 

c5Ltoj(q^ib f lSwCo 4jul? 

bciT^ftlk J»U>e)jl 0^^A->*1 £ aSj*j<Aj.} Cy ^ 

J_J JaS iX«JL m*^ <_$1 0->I<AJ|aj l^i | jl jJlTjI^ Olj^^0_jbij 

U l^U \j-j£->$ ©fcVO 0U-«/| J3 pS*> 

cJ^lx>!<b tA ij 0^z>-1 ^v> 1 oJLo.f^ .Jo3 Olj^^y* | c^^-T-o J J-b 

j ojIa o(Aj^^» ^>JlL* cjlS^Lu*! U Ob-« aS c*-*»»! tfUJLU 

Aj < ^ s _x^- i C^-wl aJ^^U) JiUJjl A$ I J ^s*c-j>eaa3j L^>- 

J y i?4j O-jl J^J ^> I _} •^^' t _ jS - A ^^**-^oA.> tOlo^J l^j | 

. O-u)! \\^JLjJ yi- ^»1^5 Y ♦ ♦ « ♦ ♦ ♦ 3J<A>- 

ojjL* aS (Aj l> 1 l» 

,jb* ■ >■> C^-j1 Jyi l^j | J O-wl C)} 1^1 4j f j) £) L ^2>JjlC-^ 3 

CjlJ 1 ^ llll-wl oVL> |*LoJ AjJUaj» .Ail 4JLi»li (S 
$ Otili c^lg-»^^> ytjj3 ^ c-*.! °<^> 01 o«ju^>-^ jL^i 

j£> j jui O^S^Lcaj^I *jav_2> ( y I *iS <jlT_**» A^jij ^jIaj 

asl^> Oi«J < c~0 I* ^ 

Jy Ca-oO^j ■ JbldiA-oalj 'tj^i-tjj Jji f u Ai |j OSjLl«j jl 


1- W • Baade; F. Zwicky 
2. Supernovae 


nr 



S Cij-iL y 1J j^-> ^»1 ^ * < ♦ • ♦ J_?_^i»A,> ^)1 ^£>-\ji 

4_J . C—f U *XJ»J£> c^jljj* j)1 j) O >Jb wU>- cL f J ^ £>f 

<<AjjL c£L> AclJs- Ol ^-^\y jr-^^ <-£JLlr>-l 

jj>aS c— \£.y CjijP^ I 1 1 F' ♦ f JL j-LT oj^j 

^ . AI.9^5o^A a^ILa 

oU^lUI <sjj jl ,3^=?^ ©^b j 

J& U 9 4ajImj& jZ>>\ jj j jUx>*f aS oJsiJ^> 
r9 ♦ 0<Xo J_^L> l<jLj j\ ojlx*»> *ib ojkA> 

C^jLeijl Ajc>-U tdSSi^A ltX>- (f jb»tijlt5j^9Ji) \ ->ll J La aSJL 

^£>tX> OlVC-J , 5 ^^»-Aj < ecX£J o<Aa>L,A La Aj^LLaJ^ ^^>lwa 

1 <A£>L> o<Jlo j i^l^JL» JO c\jJl>- ^ y^cj aS 

. ojljLw L 4j f J*. 3^3* e>j\jlju> L> ^>JJlc^->-> 6_^Ll*x Jj^i? AwJj 

^^A>- jlSjjjD :aS oJuol^S»- 0-**>l 

hAjj^^^a ^*LL?OJ^j^> ® J>l(Aj|^> I (jlJ>J l9A$cXLS)^> (JLs>**aLjc£<A> 

• ‘AlS LL> (jLw | l_>tio^o>j jJ^>-Ij tXlSC.i ^Ualjl L<jj^5 <A>b 
CjJy*> oIjLaJ ^1 ji AS^it-X£>Ljol ll JL jljkj.3 «AjI» JuV 

CC ! lAj J_J I O^M> (JjIs J>^>- «AIjI^Ij ^ ^5^ 

»A*S^«o JL>- aS (S^—i Ia,» aS dbl-Ai OuU oJuj1^>" 

L A/j^Ia^a <Aj.S o<Ajo 1 t£l^La9_;j> A^ Aj^JSOL^ . O— 

• C«JCj^> A^a^Jal^l^o^jL o jlz^ 0 L» I 6 * aS 

c^Lojbu. J3$ jl 1 jL a5c^1aL?U - ;I 

^U'iv^oJ^ («AlS^gJ» l«A>- L Aa^Lo» 

O*^I 1 O 3 L «jLj 1 j (jLjL«. j! 

0^^->^A> l^o ^-</iJ> ^| C-^LAa^L*-a ^js I . 

fl—iA> 1 J l^j 1 (jL>tlja _J 


es^s-^* J (S^J>-\y 1 S 1 A ^Ia£- J^>-\y . ) 

AX5 j\ J* ^l7^S L—j aL>Isj^ <So^y (j I <>^j 0 1 ^L3 


1 S f 



|jl} li>L) 

© 3 _JJ aS 15al»o y $ «JuloiA-oab ^ 

l— <$ •> 1 \j (Tc^b y Jy>> fb s._jllS f 3 y* 

<vS J_J 3 ^S>y> (S jVjjI jl jlj^fl» «Aa>* jl .«Ajloil^ 

jl^c— ^soyS\s i \xz~»{ t> L» sy>~ obi*£bgS 

O*}^ <-£_>ob j los ytjyjb <^^jb^c£l^Ljj^3_> 

JijJ .e^jL.^ j(£i|Ol#>* Ij 

i‘)J I i *\S <i V «„w j <A j| t )«** v ^? b^. J L^" i£ 1^ ■»)b«wi i ' •*^ l ^Q 

jb>-b<Jujl3 ba 0y>~ <S Ajtt^JaJLftl» Lslj {S 

<■ 9^1>J3 <Jlu*L o«A5>Li»A I^j | J3 j_9^9 3^oJ iX>b 

jl>-b o^-^5 (S _>b»*Ji>tiib JLj t** ♦ ♦ ^p» oow» 

db <£ 0-wb{*-wP>l^>- 1 jcj 1 C^+oJp 3 £j^j-w ^jlz^jl) oM-3a*J ^Sdi | 

• | »* * S L»iLu lj l» ju » j j3 i j (^jI^saj! 
jb^i^l ^o L?c^ ^y“'Jjb | ^©-*?J3 

3^j^ 1 )U»cJL» i iA^_X_wl 3 <S\s>~ (_£^Lj-wLIa c£l^b>c>&j3 4$ Ij I (S lj iA^ 

<w9^1?J3 .Ju J^>J JbtJLil bp | 4*Jlix*4>^ (JJ^3 y {0^^ I<w-*2» y j&3 

^-y*~> ->jp l£J 4jJUa-o 3 J aS ^I^jLs^w C ?1 &ba_J3 £*Aa 

1 j^^^bj.5 c£<AjlXw 1 ^t“V 4 jJ^9 1 f' <*AaLo 

^x53 b | 4$ _ 3 _^i oba I 450 | — O »««.>.» f ^ 1 j*j* C^*> J 3 . «Xi otXP>Li»A 

c£>f3jj» 3^:>' ^X=>"! 3^9 o«AfiLiL»jl 

! 4jb t^-wl oOJO ^b>c-e> | J JmJ^lA 

<b^jl»«-w»j 3 <CS 3 ^(_£jL>cAil StLoL*Jj ^3>-l y 3^9 dbO^*» JO^y I 


f!^>i (J?l(T c?^j 1 )) b ((^—jbse^D fb JLoj»^-wI . 1 
O ya -j \j l^j 1 aS ^u**<l byyx 

C-.I ^y+A-o- ^j! jy —j c^bfcjlSjl o jb.fi- ^S lX. I . "^ |(XL>^ o tjbj>-j J 03 JS 

A&kSLa0 ) JbLil 1 jl* :>y>-(S <j^5jll^i (jb-ft L^biz9 4 S 

£y **-A 4ljCj|dbwO^ 1 -^ 3 03 ^^ ■ (3^-^6<-Vj.}i_3blS(jbb XX O"'*' 

Jj3 J 1^3 ^ o J b j>i t ^-3 j j I (S\AP-yoA)yJ> ^jl^" 1^-0 l^c-u» 

-Oyt^y* oOi^OilJjya Iaj 



J>ctf £jyr 


■ G• C• 4 15Vf^ 

<Aj U —:«ej 0 . o^*** 1 4^9 ^5 z 1 

4i ^J*Li j 4_So | ^>1 jl-^a ,>L~> ^iLo jls««Jlil ^1 aS C-*a5 

0^°^5 c£jj(*i|aij a 9 4^iljl ^-5> jU I $$>- oliO<OJ 

j ^yl^u» 01 0l^° aJl^Is O-ijn^ c^l jy • o<-\^< £-5lj 

j\ 4$ <Sj<£ o^—^Oi^ f b-* «ix&1^>-^a 0*9^ JL«j 0_^J^* l 6 

iA_jI j^I_s Ij v^u»l O^_5^* ^ ^—•“‘•J °l-> 1— Zai -)$ J^l> ^btJlil 

.>_£> 4JLwl^^> 4 S ^SLc- 4sxk*0 <_£^$l J SfZi O'* -JJ-* -? 

I to^Ai 

0 1 4«..., K* _5 ijlaCi 


.S}Z> 

tiy cJL>- o —-j ^<a>- jj> Oj^Ij 0^-3^ <-H O L* j j\ 

JJ3 ,_jloL5 (J—-o 1^9 j$ j Ol^C^S £jL_>- cSl^oUt^» j:> c^^-1 y 
j^llSOl-» Ij i_> -VIII^^^ 4^cOc>) lotA^uol^ 5 1 l^J 1 oiAjbLitA 

. ( 5 ^ 1 * ciAj 


tXw J O*-^' ^ijcA *jo (fc JLoJ^'t ©Jf ^ t 

4j>-j^T (Jjl^^xC-^ fbl ^-«1^4$ C^lo^ll-*» aS^aI^IAi 

iO^.L> 0lg5lj < ^jliAj ^£0 oj\~~Z~*i l^j^lil» c£jyjUj As ?J 
c^bb^a ^1 jL>-li o ^\ZjlLs^^ jUtijl jL>0 C*^1—«XL>- 0<-^ 
U^iL» J^^aIIa JuJL.J^:>- 0*^1 Cj^ c>A ^ 1 :4SiXwJ t y«> U ^L>1>-4 j OlAllS 
aOO^lj jjj dlj^l *©J-3^ C5i^ J^-k 

oljl“*-“ > 4^Jb 0^-3) t^O -Z i J 01 ‘<-^«5 O*-^""* ^1 <^1^> 

Ol-^J'lj < lA_a j iA^.is 1^^>-J15 ojL^!> 

ll IjOl ^9 <-^l (O^wT*" 

4C^>1^C^U->1-— 4j»^liJL*^3^51 l^J . C^-4A>1 (^t-^ljL^i 4>-4S 

0^*»1 jlLwI» 4l_il3 ^oJ>tA-* o^jllLw4i 

s _jZ ->-\^jl c.o.1? 4*JUaA4i JuLii o 151 c £&>jlXs>- ^J>-\jj 

01 ‘°il crti O^ ijs 

Uj 4$ (*—*—J ^»^5 0*»«J 01 £^-^-3 JU»J1>-1 ojL 4 5 C-Ufl 




j y>- »i5* j*j 

VajL 3 jjS> /L .-* \j 

4&jf Jlo*>*f a$ ^» 1 X 0 *^ j k y^c -1 

aj^^oL^a^j- .C*~i1 fifjLm) JjS 1jU> t5*ilc ^>f JJ C^l>- i$jjj 
J < 3^-^^a ^>iAa^ Lft iS Aa^Oj^a _>| o_;l Zm> C^*uO AjVl*»t ^-} <-Xi 3 aS 
(jl— '*a>: {) Y (J-'** 3 ) -ijU j*^ O^Aj ->* L® 0^>- 

a) O-wl ©<AJi ^j&iOJIa * 0 *-^- IB ( ^ji J 3 A^ 3 ^A AsyJij 

3^y5^o £jJy*> 'jUAo- (jL*J .A 3 jUtiijlAS ^jSo^ j$ (jllij- ASlj I 

^>£l>3^_9( . <X*f>J^A ^iaSAj JUu A$ O*-**’! ^JL®31i»-l 3^i>- i j* !_J 
1® ♦ ,_^J 1* c£^Z>-l i iAj 3 1 3 ^>" *<-^o 1 C^l^JwaS J3 aS Aj^S 

e^-AV* ^ <*i~>Ajr* 4 =^ 6 j J ->' ^*A^ 

.iaiS^a 1 <a^j jLa^ajl 3^>* oL*->- jbulb ( 3 ®^ y~^- 

aI^-A> tiU o*A>J f jJ LwwU^ OJU» <3 J& J& <\J^j$>- jUtaj! 

^^JslaIjaj^L>- 'jB* lXoI>» <s j!^Jc>- (JL*.ii»-l aS 0t^l<-^ < o-**» lo j^~> 

Jul/ <3£>! y?- <fr SjL^> <Jl£> 1> C-*J v- ^» C) I (j«Jua | aSl5"^^j3 

(_JcLw ^mjLw jlj^iij l^Jo 3 j^ j^S* ^Sb ^y~) 

(^U*Aj l^*Ir>- jl >3 JJ 3 jL^j A^.<j5j3 IaOu^j^- aS UjSjl . 3 jU U 

O^C^Usl^Lj -dSd» I ^5 Ca 3 !^ ^ 1 (_) 1 ^i-X^l> ©JLio 

. ^L A.*^w' 13 AjO-lj o^3 L$'*■»<■«<>3 

d^L-i>L (S _/^-o-> »A_>L JS\» :aS cXj^5 5J 'j'** < ~^ 3 

O^lLo Ia \XjJ^>J^>- yS 1 a5> OJjiJJJ I tX>l» Cf j~*^ 

L?^—5 C-*-il_ O- A^lij Jk^i-o l*~j )j^ Ai jbtfljl I j^ f -A*' A 

t^l^jj V_A-^ <^^I»-Xj ^jjlAj L* <_£l ^ _aI ^»| AZ-vil .JuS Iti-J c£^ZS>-i^i 

oy^A tXJ.I.^.AAi3li>“ c ^-> 1 ^».- 0^1 Aju^lajji» aS^SL~S 

<S l 9 C*JL>- jUaXjl aS O^j«A j l> l 3 _^>"jl> . C-*-^. 2 > <-^A 1 ^>- 
c£^ . t^wl (.$ 3^0 ^) li^ 4 > 1 


aX1o 1 j^-~* Oj|<Aj oJol9L^l4j^5^-J^ ^1 l ^ r JL>- 4JlJ| ,) 

J>\ i J^_y~Aj 1^jiXa «JloI^ZjJ 3 yZt ltA-^i^A>l - 7 

.«A^LlSajIjj 0l^&-j| iS AiaAjAtJ «A.jjL*> lju>- Aa ^Ia-L* 


1 ^ V 



4$ » 1 . ~ ...&i v!l*J ^a <3 I (_£lotX>^5^> 015^?l~ m> I^aj J jAi 
ljl ( ^^4S<U^50^ £l, O s Jr^iOJ^-<9^ J I 1 

_pl AM> _5 5^^» 0^5jLlw jbciuijjj^ 3o 

4S^^li3^l3*>-^jjl4i l^JLIoulj «c^>l£_^5.j ^ 

- 3_^-w f^Lcl O^-" 4 j (J-jii^c- I.aT^m)^L>-| CjJy*> 4> L» 3lS\jL>U 

oITjU^ i£j+>-\y jl cJb- 

>V. 3j^>*L> | aSCJlA L£l^ r >^.,flT....A jLaaaJ (_£l^3jj -^<_s^“i 

4_S OH . 1 O J 1.5 \j f J1 *>L>~ J* La 

C>33 uij 5 J>j 4$ (_£^^j5 015 j\^Cj\~*> ya=r\> t 1 J<j I uLx5_j^a> 

c^lojU ^Ij>- c^a -1 cPld^iLa^^A-Lij-li . ^»^JL$4 a>a>Ul& <.x j , ^ g> 

‘J>>^ J&M ‘iiVi-n" -fti 0<-^5^X {^1 ^Ui 4$ 

oi' ^ ^ <-^ b ^>'U 1 (^^Lii <Ju3j^>- 33 c£ 

.5^SiA*> 1^>- Ja4j> (S jl<-*jL> Oa]L> 1, 7 j O^* 

<j^>“l ^a & 3 L 35 La ol^^LL>\ L>jL>-j5 43 0^5 3 jL> 4jLiL*>lzA 

. 0-^1 j*SjL-*u> Ju^3^0 ^y>JCj* 45^15^11--» <S jl 
<£\^SL& 4jJUsia iJul4X-il^ (Sjr^* ^^SjlLI 2~J5 4$ C)\^L>-\j j jl C^UjU 

| J2> jr-^y (j|A> Jsj^s^a A^^ljjl 4S ^09 
^JbLLi l^(Ajo 4— S> O^-o^ todLwr 4JLw^3 ^ 

vXj 1 A ■« *»» ) 1 ^ ^ a. o. l) . { w ^A*rl lj> OL^J Ij c£j^j(*^ ojLi-w 

(S t jZ>' jl ( ^Lo4j3>-^ J5 4 S 1 AJ 4>c_^Lj 

C^jl jy I oVL> J i4^iU La 3a3j_^ j>- C^jlJ>j 3_5<-^>- Jji 

4 S 0-^14t < ».>l^ ( ^Qj v 

(.,. tf ^ jcAIaJ tX**i (S ^2X>-I^j4lr>-^ a4j 4$ 0-^1 O 1^ 'j**J5 
• Caa»j1 \13 jl^9 AjJLLa SJja (J?\^>- ^jLwJ 

t^jLoww | _^3 1 ^A tJL*j4j4^ 1^ 3^ \&S 

4z 3<1^^.3 3ls»tftjl 3 I ij"'-^ Ol *— L> <^32 )La< 2J «33 ^lL»-3 

cJL>“J^ o 0 I 4S 33 f^Loa c^-JL? OU* (SjJ jl 0^> o»J3 
3 *AaJJj>-_ 5 < 4l3>liAj ^LaoI 4l3»3 0^52) U — ls>-\ _^L>tflJ 1 



j IAJ 

01 oU_^ j j^LLa c— aS o*3 0 U>- 
aSc-^ > _^ A>r^JLj l>tljljl L» i .CUwl ©A^J 4-—».-w »Xu-i;J^>-L 

^ *A~w iAft>! ^^ttt-«-A O *»* -) J5 A Ol iAaSJ- aS c£ 1 ©<A_o | b *y*~*>/j 

^J-^3 . c~~J <£j3^> <Sc-a 5 «Aji» 

(J^L-JlaL IIO*—J ,^A Ol ( -J k -^>* aS C^loiXo | J) 4$ ^a! ^.»1 A>-^La ‘“^ L> 

^Co J b t l *-wl (J Lu> L^JJ^j-La ^£>-*»A ** *3>- OUJ 

.iAj 1 ©iAJLj 'JZhlAL *j dojbj <Aj1aiJ1.1a b 0^*s aS C"-*^ © jl^~» 
^j| ^j^AJ OUc>- jL>cibl j^S^Lol A^Oil C^O ^it>li? A;*j I 

^5 A <»-*-^ c 5 A-jAl>ol OLSjljLw^S'eia** 

• ««-m'I La ^ ya j»J ?t . * >. 1 j Aia^-^A (_jltAj.A .^IaS »J^**>1 OL-*A^ <A-*-»lj AI^Oa 

ojll-uj aS iAj^S^^a IaA* bc-AjaA I 1 ^ ) A v-jLiC- ^I>-l^i JLIa 

I ij^ju ls Lj lXm*L AJL^j1 3 ^9Lu.”A ji£> J>- jU- oL^>c«^ LqA>- ^I**j L*j 

C^wI^j^vI^a <»Ai^>b ^^jLciA^cS'^bcIii» ^L^i^ibliaAS . iAaS ItA —j 

OtAjl {jf° j*-» J $ «A*L£»Ij AZ-£»1a 0‘A^< ^JL>-!^j c-l y 

• cs* J 

jL>eii! jl aL>-^a dlar>.^jo aS o^LO «AjL> t^AiaA^ 1 a> 

• Ajbt £^ c£jl^iA <AJL> j ^aJAo£i3j^ 9 c3ls»* A> aS^j 

bl AS^ilSjbAj^iU AI.w<a5^>cj jlj jUuail <A-L>-j| £$b 
O^^OJ^L^oA.» ©jll^iOL ,_/a-j>c^*j’ b> | b 5 ^ ^AdS doJJA LajI C^iol^ldj 
C^bl^AA» o<Aa | _}£(£J* <3j3 0*il>-Ai aSc£1©w>Ll^ 0_^>" -LaJl9 

J O^r CoJ^> JjU JJA Olg^- 01 JA kZ^* 1 \ ^J±L ckA <<A—^ 

ja a^w^jA b*^L^- c£jL*Ajl OLa>- jIaS aS c—1 c^> Obi ^1 

C^lAA^JalAAS AJ^-A>-^a bj^Jj_;l aS oVl>ol ^Juu 

• <***>! ^-i-w-O ^ ‘ ■■ ^**1 * 13 1^. ^{bosA^» Ala^yA ^X^>»bj b^9j) tAijlw^yc» b 


OlSjU^jl jl> U>^IA>-l^j »J_^9 O,^^^ 9 b-J^ * 1 

oLa^T^S c^b-.jL>t^ ^5^ja^_9 ^Ljb «'^-*-^*** 
*Aibl>>-Ol V"?-*' ^3* ->34^ -’b-L* <«ASj1a A^JA 


1 



£jy>- 


jbciil oiT 

♦ H H 

LO^ 3^ A -3> AJ^SOUi*» 

^901 C—jl-O aSc~m»1 J3 c£^J>- l_jj 
Jylcolj^ iU3 

c3 ^i^sJLa ()*?') J^--ij-^ • ^5 jl> ^ ^^3*^ jIiaO>a^ U' ix*S 

i^ciS^pc^O 1 ^ ^ 1^1 A<->Utc- C~S\jj> 

^r aSIj c£^Lp~ 1^S (3^s O-^-O 3±r*^ O 2 ’^ 

^jl ^ar) ^lo^S(v^O' O 1-G* 4182 

OU^- (.I <_^liSoUU o - VIII L>jr0^k >tw 

Aj _^U-mO A’-'^US ol.->.»■> A>0,i> ^OcJLaJ^ " > 0‘<3' /1 °‘-'° ^ aS 

JjOO SJJ'jf <j^i^r> <J^i W 1 1 j y O^- ‘ a; 

Oj^3 ^jOaJ-Alj J iAlSoj_^> 01 

«XLS^a IiA^j s ^ A - JO jls^iil f t— aS c5^a oU^^:> 

A.^J&aS Oj^Obi • a jUaj >—OU_J ^pcU-w 0^1 ^jO’ A3-^)3^1 O^U^" 

^^Uj^aS { ^ SLa -^ > c3 Ia>- j\oo ^.3 fl: ‘^3 , 0^5 

oLU^j 1 jW^Or^J 1 ^ ° jrtr*^* -^O ^.5-3* O43o3u3>jl 
nA£><^j OUlol jIs>0_^3a ^J*-^>ji (_$0^A>-^>3 ^51 j <-x^S^a ^<-i-j 
:>iAj! vOaU ^-2 0^-i Oj>!Jjl^WOuo 

oOji^S ^jLij>-^)3 (jrl^gigs»- ..i^U*’^* jl^l> 1 j^-_> 0Ai>-^» c_OU> 
A*2>-U i_J^l?Aj <J^LiAj l^:laC>- 1 aS cVCO^j» O^j uUa3^JL?-I 

A$ <—-U^A$ i_*-wlO 1 <—• a^U- 1^ 3 U . 7 > 1 

A> O^^aAj <_5l^11OtXi 0^-^-J jUkAjI JJ> 

. c«jI 1 1jLm*v<j1 o3U>- 

^ AjJUaJ* Aj>> j\ ^I^>aS ) ^ ) A 

y * * * * 3j)*-^>'Oi^ 1© U—ol c^c-^w < oiX£r 

lJ> 0 ^ ^ «aJU-^IO jU^A—- 3 ) _ r J ©l_3* O-** -? j u-y^* C^U- 

^3^ . vXl«»5 olA^LmA L o .«-A t ■AMA ^3^ ^ . ml j J.^ 
JLm»^ c> AaJUj 3 0O^^ w>^ aUUI Ij® jLluiaS 


r* • 



wImu) J Oj* jA J [J?*- ^ ^ 



f 9 

jj*LJLaI> I j l 4 :.J 1 c3^5clI jJ ^l>*l^jiil> 

.^J £ 1 == ] 


Jj^l»^ c^jIS joUj c^c-^ 5 l_j <c^l ^IjjsjUi 

4 > 0 I L?,^>11» iJLnjl^* i_J«Ai>- J$ t *-i (jb,^ 

. tVJjiAft>1^>' oU (.5*^la 9 o^liAjl 
I3 OlSjU—jl C^^IjJ oJLP C^UtxA-^^ 

<LLj>1 <sj^S cJMi- IjL^I <_i1 Jb\ aS •J5I3 ulw U 

t 5 f©jLs*u ^U<vj ^>-01 U|^S ^1 .o-^lo^ 5 > 

e^b ->•> (ic—1 (*li 2>>^- j^oe.b) 


Y ♦ 1 





\jC) j J Ou»il (S < <JUa*I 

( . A^-ioOu A^llS OL L IX jr>) ouSIjlj 
Jy 'jZls ''(^jlS^U^ cJL>4j*S OUI^/** 

o ^jLi»| ©<A-_aL (Ly>- ^ils'tuv J)^1 j4j O | (S ^J^LiC^Lc-4i4S 

O^-^l^a** 5<-*+&**J>\ *“^® •AjL-* ‘(*£■*“* 

—L>dj|j|j J A^-i^^fcLSOj^ <JL*> 4-jli ♦ j) A jr-'^ 

Oilw jlp-1 1 jl^Lj 0^;3 ^l>Ajl 01 <S 4 s>caJo 

^^*0^ \j>JyCjJy° jf-^Zj*~ c£j 15 O^Oi^ ^ • C~*l 

iAAO^» 0^*J 4jaL>- OJC 4»ji y UiL < ©Jlw {_^w?L>* (S j*>l_yi _>L>tAj|_A 
J A 4jJUa-» ?OaA O j^> Oi —*J O^A&J^aS C-w<1 (S jl 

_>1— ?*ju\ O^J OUa <6 0^*j ^sojL O J? 

\ J v_-^5»tC- ^>L>t**> oj^Sl La 4 S OLkfrJA Lj^aJ ^jli^A 

—Lo yo (_^-o yj*\*> .o**»! oouj oiju j) c£a^L.a 1 ♦ b Y JL-j4j 
JLw^ ^ • 4$ (^ yi^\y<^^9 ^L^AjI Az^JLi i ^ yS>- ^>L?t»*>4$ JoLa 

. &Jlm> 6<A£>\JLa (^)Lowaa» l ,^>A "yi l^l 
^iL>c^D 1 ©jl&LlaL (S w ^^ , A4^>-^r <_0L>- aSj^^j 

( oLlS OLLX <- ^*>*' i j' A5>iA^s>)4>-L>-i JA_J 0tXw0iXcjaL 

jl^^wftAA L _J C^wlo^j Ia jl^A*»^ <_j5C,i <U ^yls*** ^>1. (Aj I ^ftC-^AdjAjlA 

V01c£.^IL^A 234 ^ Ajlw^^» \j ^g-o La ,.o<VaLc>' Lo ^Aj A(_j^ **' 0 **£ 1^*1 Lpcaai 

i^^Lw^aI I AS^gjl^xjL>e-w . ( oL*c£^ft>l-Li^LaS^il y jl^>-) O-^li'S-jA 

n\jyJ i y» J_JA JIa^jA ♦ J* k1*C- ^-wL 

«tx*j jlc-1 o^i JLj !♦♦<•♦♦ j\ Js>L*cajI ^>1 o-iS J 0 L 4 S 

oA^j <S^jl>'\y c3 ^S<0L jL>taj| 4r>tA_li wXjL J^i^jI Jlo-Io-Lj .C—'I 

^L>- ^ai>e*-* aM--^* ^ )**<*•* JLJA AjLa^Lja «Ol^jL 


tElJ^"c5^jL>wJ)4S ^ j j 1 ^yaoaJj \y>- ^LI>-a> ^^jajLOL . ) 
i£^yZ$C^y3_) L^uj CC(^_?IS t£ t^.iI^ caaiD_ j oOl^i 4j&- Lj0l5_^LiA*f^l Z>S3(i3> 
Ol I—* CJ5^ W ^ l^ifrL-w ^t_p ^y*>ijf* 0<AA>Li*j* (_^^JL>-| io' a^sS 4 $ 

. «XLx*»*ft> <_£^j^jA (Ou jIa l^-J>ls»t*rf 


Y*Y 



^ jAJ cri f'-'sj 

lj c£iA jcXj> ojLlm» J^ji?ll O-»*'! 0 l '^'-^- ) 

.JuS 

4$ O*»i 6^1^ 0^“*-» ^j* 4j 1^-dL*»,^.} ''^aJ^^*JoOc>- C^lfliJL*»^) 

(jl .o—-a u15jLl«* jL>tAjl 4» ^a=>cL*> 4^.»I.) tf .>_}.> C^lic>4i3e>- ^£>-Ltf2> 

<Xa>- 4 -JL*Sj ^Lfr ^UJl ^£ll$ OJjH» 1^1*)* JLj4>4S 

oj\ ‘^y iiii ^S^^Iaa i * V i«> oiUtLuA (J | jl^uiJLui 

1 - • .'-n e »4 a- - 1 _^ls»tflj| i"Ji-Lw 4s»t«JLj_?^£^9 

(Jtw^j »Ajjl JLoJi 4^jli ♦ jY £ Cs'G’ 




S'/l\\% 

j^»V—»w 


* ••«j- 


y i*o" 


l<vra aJ,^j 


Hr> 



fVj5Ci 

1 Yjs ^W» jUeijl jl*S c£lojUj^ t y»o>xJ ckxi la^- 

.#oi oJy i <*rf 

(aj>- ja *j&) • c£^la 9 l^j | aJl^Is ^ ) t* ♦ 

C? ^L>”l^l>sijl ojli ( 1^ V ) (S J J'j* .a»£> 

.^lola o^j 0 


jlf’jU-, jbuuf j^4> 

i^fbl_L» 4^ l5_?ljL»*ilj 0 I c-*a**» O-a* ■>- S> 4 i> > L> | 

«S «S v_il jZC-\ Juli *<Aj yt, ^Jaj4j c£.>Ip 

Jajl jr* Coi->^jJ jl 'S'jtrT ,j*>\z>-u\aJ 

4 jJ^ a . w l>^-o» | 4 *^li I (J ^ * m i< ^.4 < i(1 


1-G-P- Kuiper 


r*r 









4s^JL> b 4i.ib“^jl4S | ^-> e^b» iAj Li_J 

I_ u&js $y>- ob {j*** ojb*** *£lul ig*^ 

4Sc^b Joli^l O^Oib- jWtijl bib 

f.>baj JUjl2>-l <cXj jb C-3b“ biSji (jbjbw) 0^>- 

4j ai\JZj 4^ jLd i^j | (JjLt-A 

$jy>- ^j4>*.1j_J^ l^o 4 ^£<a 5(J b O c ^' ft ‘ ?<^kw! o<Ju» | C-n'i 

. C«“*>1 o^llfil t3bll L* (S'ZL>-\ 4*^laI_Aj < > 

J* (j^5jbu< ijb* t£ba$4S ^b^j* 

_^>l^j| . ©<Jbb C^L>OlS^bw» ^1 >1 b*-^ dJL>-b 

<jj|oix£> 4ir>-Lb tSl^A)l?u*> flj4j4Sobbb«» c?b 

c^L>^aI j5Cb 4 j j dj Cr*U jjW* objb*. jy 4L^4 a LJli. 

AzkAmz> )(Jj jb $ ^laA-ftU b^—“<4S cLo | ^ 

»A.Ij >..»l1L jIj 1 ^K.i$ oVb-Ji . (^^^otAj.i^bS^lj l^XI w > J ^ 3 ^ 

1 J ^bojbi*> 4^b>t © bil U-j(<--bSoUXII J J 4s»ejb>) 
<j^-i-^cb>*0.i . • J “bi l y s e £ W> I i^-J^ollS^dL jtetSj jbjl^bi | ^ 
bl^t oL>b JbS 4$ ^jbj^jU ©<bo.} 

4__> dijjlj < LXjlo<X^»U b J<j i^>-2> flidj 

O U^J» jbi 

( jb>’^jb «jbS^ J^-P-baSjl Ob' J* ^wl»4S t^Ujb* 0^>- 

4$4j^S(jbj i ‘ «uLi (A^l^>- ^5 »iAJL a (^^Uj Jjpl> «Jb 9 -J c£ 

• iaiS^a 1<a-j aj«xi o-jb^j Cjkt*J yz Oy>- ^U-b jbo-l 
4> 3^- J 1 ^-*» Oj^r (jbjb_w 

Jd (JUiiii C—$* dj < V -t y*J Ij ^jLw | 

ul^b.9 zJS y >-^51 . c— U^jbljj c-bb>* 

«—^,-w c^ji—5 <J>^U>,_j^Jb 4>t^.rjJ3 (c— Ia^aIaJ^ 'jZj* _^bS ^ ^ 
C~±\jy lX>1^j^a4S O | oiXZ> J>1j1 c s J ^1 0^-2» 

.«A^lScLS^ J y* 4^.> ^j» 0^>* C^l jj* 1-0 I 

jJjli 0>b^ y ^bjj! J>jb4$ <U^>^?^jl 

bt* <jj^-^aoJo^ jbcAjlj^ j^j 


r*f 



tlif* jJk J fvU) 

c—1 aS cS'jLS <s\ —a 50 I J=>ls>J j\ 4r>- jjaj^j 

3 c£lojl<-b! a» < vxi^S> l^j 1l» >_aJu-^c.*» 

A^>1>3A^.Xj l^>- OaS 0^^J^^-oJaS <-XjjbojUl ^£jlXSCjI> (_jSC^ 

Ax£0^.j Ia.» iAj b^J 3 ‘ ^3~'i_g A ^5oj^JL>- 4j 1 

o\yi^\^> c?J^l 4 ^^ 

.3^>-jl C^Uj (SJ >S 0^l3^9 (J>I^j taiiaA 4 JuS 

.<a^ J l5 ^ ouS^ 

Iai^^^ViAaI o| jj\ jUibl a1j^>»^_JjIjA^0 $>■ ^1 

A^jJuI j 2 > «^.jS <J>- x>b C~^£fcl 1 ^j| C.S'.iU ^«AJ.JjmS 

A>-_X> O^J"*^ b Cj> l A!L»»»iA j5>~ oVUiilj (J-0(jl 

VU-ftjl JjJjiS Or*^ ‘(3^^ouXi>jl (jl ojbu*( 

(JK-+A C(jUeA>l (Jili j\ <S j-aj>ea jlc\jL* vlob>- 

l3^9<OL ^J >3 ^zr>-i^jcilj o^>aS ^jl 0-iC-wl 

j\ ^ isC*j» JUisi 3 (Jj^aS c-A5 «ajL^Jj ftAiS Co US O-wl j* 

b J^oj 

Ot 5 J b.w oJ-^ J^aS < 51 0* o j ^ > 

J* ^ ! 4 ^ 0^4. O’^jjl (vOljJ^O ‘o^^es^ <-£j^ 

iA-it\Jt>l^>- jla»tAj| _^L>-L>- o J >^> ^L2»-I^j »XoLa jJ,>b lOlo^i oiAAj | 

. OL» Lj C^IaoL^^juL^-aS .AjL 

oolo caSf<U*JbT cJbo>J j(y Jj3 

C^Ju S iSl C_£<-Xj iAj>- 4^«»^3 OloJt>- ^33-*3^ 

Ij A>_A>^3 I A—$0 J C^l^ «C—>1 ®0 lw ,sl^«Ja^ui^j 

^ jLAr»eJ l aj c*-uil f-^ 1 ^ ^-iS ^9 ^J^SCLi 
(JAiO jaA« I J *5 Oo 3 Uj I , ^a^Sa*J>-I^a ^» " g $ 

— <0^1 ^ jV AJL^uJb jl^>- I lS'I^aS j |*Uj 

^I Ai^5 «AlS 1 *A-»j ^la£- („^Lulil aS 0^1 Oljl jL^^» *jLl*»» 

oyi» *3l^»l c5 i 01 

aS (^J^U OH^ tj-*** OU^ (P^) 


r^ 





^ l^$ij 1 a 5 Ob£*o < o—1 01 ^^/>->1 ^-«-aIj Ol^j Ol5jb— 

{ ^ k Sj>oJuLll^5>' O^AvA£» 1^>- ^ X .o5 «A^U^olj^ 01 o^llL*u 

^JLs*JL»aS 0—Ia*,x^:>- 4l5Cj^j l4j J5li uT t C*\Xj iLi O*-»* 1 ^ 

c^l^-oc^> fj £U-^ tl)L-<* J^lo jl ocxi> us 

r^-?- ) *>¥ <£j\-+ (jr-^^ o~i 

L$t^ £l*£ Jil o_> aS ^JLioa^ilA* .J— <Ajtol^>- ^ yg—> j^IjO» <Jl 

O>J>0c- Aa _j C*»*l j A* & j)\ j) \ jl 0^*jlirt 

O J 3+0 <*> JuZ~*& &* J}> ^Lf ©JfO>f4)4f ^ lr jUm) W^SCo 

OlSjl^^.1 w r L ® O^kAUf^sfwUj iS^JkAPwU 

jS^ Ig)! ijpj? j 15 jIjlsa 5 o—1 aUa o^l^l 01 

J.>l_»u £\jJJ jl ^yL-o» ©j|<Ajl ^>l>_5 itVulS 1 «X*j J^I*j Ol l> «Ajl^j^oJ 

^ . Ok— JlA)|^>u <-£->1^1$ 

j*a*jAj J < 0—1 O^W^l Jl— aS ’* " *** ® w>l^— c^l^ Ia 1 

*Ju*l <A*>l^r>- 4 j^J A>- <(Aj 1 ji Ali* aLaj J^liA» cVfcl^-^yft ^cjL J 

©aIa ^ V ^w Ol ^—>■ jIa ^ «« »*^ j IJ o’^'^s^vtO’* 1 

<_£1^ja J^l5dl Ol—* aL^Is a55a 1 ^^tme^A» c£0 ^JsaAa 1_1a .0—1 

^Jo LaAjI O j— I^a l ^jla9 C^^l—« 4 Ou jO^J* Ij ©^Ll*» ©_>L» a5^> 1>AZ-*A> 

o>jjW*j^ l$o wr i5Glj I^aa^aSjIisJI J^^Oi^- 5 

tOloj^i A_5 t£lo^> 0)1^—la9 lAlib» «iAa jl^5 ^£j«aSCj ^ a.Z+*A 

d &^Lo J) ©^Llo» J ^£>Aj JbLil ^^jiAX5 

♦ (f A <j5di) ojJLr^ <^1 <U**;^aJ 

4 _/ 3 IaAa1j1 ©^>-VIa ©iL*^>l »AjvXii (I Oa^a<_J-£> d 


Ja^A^^jfc I^Ia 1 A©Jb aS 0—1 6 A^£-a ©Ouil^>' AZL*Jl . } 

jj^OaaI t _ 5 l^ ^1-^1^ ‘Aj^IiAa 0-^J - )‘A^aa 5 0—1 ^ISjljOiAi 

Al-^^yjlO^l^ijlJ(J*S »jl»XJ^^ja^j Ol>>- 015 j\a— .OulS 

^LiJ^O>jl ^j>- ©jlx—jS^»J3 <AaI^j^oaS tXJLS^o<\J^J (SJ ^1 ©^lool ol 

• ^->jl J^»l^ <Sj\^ ts\j> \jj\5 i jfc 

L- D- Landau •Y 




f A J5di 

f r jsCi i») j jLls o^l_* cc oJl>- $ . C**.r 

• ( 3 j-Z* 4^l*j li* 


r *v 






j5*jX J>l«J C-Jb-jA^ o_jlr>- y£-L* (j!5jb*> y>«jAj 

^^oJU f <U*J&b MaU 4f A ^ jU-it ^L/fJ^c 4x*^ O 

jl4x—* c3 J ^b^>'.5 j*#^!LS*\*0 kXj^^ j c^l 4****» 

(^1_ 4 >yl (^)A-£> (j^jiJ A>t^JL> jA ±S ©A^<41j>-b ^jl^j_J^l53l J 1*41—& 

OJ>o4j djLs*ui yl^>b> f Ajl*AjLilAJ>- ^£>A5b_?l 4-J^l cSbl:>- 

b JL£>t^> 

y»<A-L>- ( lXJjI>oOcw 4JLP-b (Jl^>- ©Ab y-L>-jl4Sc£AJL>b ^b* 

d<j? I 41 —* oib^ *-^b 4Sow«»l^i»|_J^J_J ! O.£<1 aA* 1^>-0J_J 0_y 

ijbSjb*. ^S^yOA *S Aibi a_j*-_^* Ailyjbiy^jA 1^0 

Cjb^ 4^*-li jl b°Ab O^ -Ajb a^>.? o^Lijl JU-ja y-Cl- 
C^boy^Ul J b*<I—* Ia_o JjLm.o 1 4ju<?l5^Aj iJtL^S 

01 jl O^b^5 0>li y b . » . * 'j —*olI* j aj | ja a5Cj jl c£ 


• A^-“' ( ^y 4J1>- b' 

b^> i 4x>Aj ^Sa 4—<j>y4> <j^lSl 

( *^r—*0l ^klj UbljA ASyubS ^Sy>jLol <Jy jbijUj 

4$t^ou>i *> ^ _J ^yl^y 4 ^t« ~.j 

. A^y» aI>o1 I 0.?JaJa ob <1 C^l4^«>C-ib- D yJL>* yl 

JjMa JA f y 1 <i*y <_f 1*41—* 4$ tXiili bj I jl y»l jlfi-1 Aj b 

4j y> jIa- jb3 L> 4 S c£.ib I c£tgby^CM OAU«i> 4bwb4j ©jbw» 

^ybl^- ob-i Obl^j**^ . AllSy* Ia~* 3 ^gjLl->- c3b- Ajl©A^>blj A^i l^p | 

t, 4 ^Tj (_Jj lX.« ■*— J >~ 1<; -* a5Cj 4j b uA ~^~''*** J Aj 4$ 

^AL^b^jb*»! t .w >^ji ^ji l4i .Ai^b^-A 1 _> C^l4A— S*> oib^?1 


^5CjA5b jl yU-Aib 1 ♦ A 4 L 0 I 94 J fyl <_^1>4A—* .1 

(ijb^ 4Jb>\i ^j\ o$Vm Sk aS'JZjjmpJS ‘Aijbjly 

4_S ^1 j ia» (_/M—<Aj i I . Ay^y* ^—X-*~AL>b ^ ^ ^ 1*41—5» 

ut^- 1 * NX viwr-^ J^r >k ,>j\ csl^ Ajb >♦<♦♦♦ v^wb’ 

• -^v ^ 1 


♦♦♦,•♦♦(♦♦♦<♦♦♦ 


f ♦ A 



j*j juj-w 


igg- jltAiL» < iA^.^ 3 O | ^]_jl 4_> C-A^b» <JUJ>- O'-i-* 

<£ *^-}\y2>- ^5^ <$0-^1 .iljJ ©jltAjitj I ±\j> I aS^]l&> (S J y> i 

O*o~*bb^ aS^j bwcio jLii5 Arn^jj^ .JvJjL (S^->~\yjijy$ J kiOJui 0--jb^ J 

t^u^si c^~>\j£-+* °->b— (SjS^s* 

jbtfljl aS 5yZ> C^loOu^ij Ja^wJLa L_9^b <A-J^j J A_?J 

. (1* ^ ^ySsLtt') «xiS^* a!?L>-1 1j 



f S JsCi 

p-ly (iy blj jo a^^s 


(jl^^>l^-j <J_J* jbeAjl SjUjA ^JPt^oy J CS^* ^bM Aj^_? ^ 

Aj>-^j (^Jl>- Aj^p ^9 lii) A>Je>- jl July^i ^iajAj A>-^j «^Jb- 

^jCLij-Aj ^Jjbij* *jl_t jA c£^bi obtoJ A>- <OuS .^jbj 

aS C—I J-*>b c£jb 1 Jy iA^^J O yy** b*_)b-«> ^b-b 

J pyi^jk C?Lpjo* I o ^^ocaIj b?® b e«XL» j J b* iXL>- 

. $yZ> l<A^i tjlS^jb-w ^JjifeoAi 




CC jlf* vSlfc©» J 


plSj l„7 ..u> 4_S ^o^_5 ojLwl Jyl 4_> jl_i cX_L:> 

lu~J J ( J*S J c£jlS ol 'J^Cjy*j*> 5£>■ ^ijlcLcj cj (_).>•!^a 

iUj^uiJ 415^ ^liii (J^IaAjI 4^ cAjlmim^ (Ss ^-m) 

<JluiL> <0j) > <3^^ ObL>- 015 _) ll.^i ^^£>* L» ^1> lt-X,.-3 ^,5 d^V-«-—m 

4 - L ^'^ >&"} ^ ^ floJ aS 

J^UJ fOc £js£k J\J> \&4*> . :3L* \j ^Ls- J15 

fU4j c5wU3 U ji\ ©jb ^iwU>*4) <Uaa>^j j\f £)f b 
ol Jz& J^Laj! Jf ^ < aib oai ^JS a JlT ol d 
oUmi jfh^wU pliA) 4T^)l^ojbui ifcA^Ulr 


. ( A ♦ J5C3) o-l 

4 ■.■■» < I^j l^'v | - lu l^m 4^" Ji b | 


n ♦ 



'i?J»j ^jSifwW 



6* jci 

cVA-il*A^i 




O>o £J>> 


iJbjl Mi-» l 5 ~: -° :^ 0^' b^ o^ *jk©jU c~J 

^-e b^l ^ ^y* <yb3 ^ w^“** ->b~* -^b^ 

^b- c^Lif b*^ias^jI Ol—*^^ *-v> b*^ ® 1 y*olb 2 ^ 3) o^S 

!3_^ 3 U 0 J 

jl obOb-Afb jISaSo—^j OI j3 c-Jb-j3 ^j! 0b*> k_yyb>-l 

a 5CL < N 4^b c^l-OlSlo^ ^ 1 -t ^ M l> ^^IjJj- 4.9 oOLw Al^-b 0 1 

aS O-b c£l©_?l<-V-jl A» ObjbwOba C^bsS 0**-L=£ a5> O-**! O1 J3 

« *• 

1 «I A M 3 l L L$J>- ^4*3 

IjL* ^>-J^lj^ l^UpIcSL ^Jj>-|.XA> ^51 • £^u/\ J^:>L.> 

^)La»9 (AaS 1(A#4^ pJJ3 ^L5^| ^ ^-* 4 m*9 < 

3(jb>jl b olalcj^il Ab>UM* ^bflJ 0 1 J 3 jl-5 ©ci^ioljJ 

((|^5>0^^Ia9)) Aibi aSo-ui! <»-*-*->^j|aj . «Aib^S^y _^l» (_£3b Jb-Aib 
cAa*J~* (j£<X>- obb _J SoJb l> A_S <Aij|<Ai IjO 1 t __ r —iL^> y*> 


V 


. cAj jJh 


A>t^li j} <Xil> (£jOJp-J oj1«A_JUj c^i^ibi ^S1 ^ y 

.16 b^y>- o-wl 3_^>-_y 01 k—ib»cj* C^lflfcejL Oba AScSiAob 

blb^ 5 ^ 3 i ^£»01 «- r A f-*^ O-b <j5Cb* ^jbii c£b_jy Ow>b<y 


jbc> Olj3 y *:>^> O^b jbj ly>jl ^bsl „>15 01 Aibi .) 

ij)°\y>~J^ aSo ~~~i 01 1 3^>_J k—fll ' .'.'^ej» 'jjduS. 

• 3^^*» IiJlo t ] < UJ b'' < _/ L-_ **’ c£.-J 15^-a^o.C' 
J3 <0l>-_^S <J> b Aib { m ^~ > ~ ^ C-i5Jb I» 1 3^>*_J U . Y 

a 5c^^uoi^ bl^cil .^jjOy c^jl» o^-b y? 

oalSl^^L f -\*\y ^ 0^» 3ljjlj ^J Ob_^i 

t_^s-w_J 3jiiS^y y>- ob* jl aSo— 1 V b9l _)y 0<X2 j 

C^>" l_^ib> ^bl^^>- c5”b*. 3 jO'^y b(^VL Ob-« 1 O*^'fc5-^iy 1 J 

Ol5-«^b^i/^ kA< ^bjA) tbCj1 -*^w AJL^j_^- 1 -* Qb..>«> 1 <3^> 

csloj kJ J y^ bb>-J3 J^i J fOia^^y 0<3 j 3 bH 

♦ vXa.^ o ^am^"4j f_ j —^ 1 


n r 



j* j 

^llc- a1^*>_J4> aS^jLv**»L* t*L> .tXlS |(-Ao A3jAL9 j 

cSjlS jSI 4 S 0 -I oJlZj AI3^5 CJ->5+& ^ J*** 1 

L>'^}' -, *^'A^ OlO^*^ <<A^>L o«Xui .!■?.«,< a *,a C^LjzS 

A$ c^Aijaj ^Aa$ «O . 1 <A-j ol C^l^J ^iJa-Lc- 

<A*J>- U < (( ,>jta o\£j _^jL>ejq 1^0^r>- OljS )) «Ajl^L> 
^la9 ))f $ «iA^jL ^Ia^LuS 

0^1 aL>W \j ^aJ o J$ aS 1 yn ^3j (JILI <£ \yt> 

fl—o S jL^*j C^I^jLo JA aS jL*«> ^-? •<*>“' (J-^LiJ 

^jlgiblSoJ l^I lalg- ^^:>-jl>-lj O1^> (jL L-j C^LizS 


* -3_^-“' 

-cs^ ^ OlSjlz*, 0>^Si aScSUaU fLj aS <j|->A 

*| M | V ^«CuJ L^ 2 9 I* J | ^ x^J t ■)jLui 

... 

ui^> aJj>- o^I,^>- a^»-j3 j ^15^ < y^>- l» . c~-»1 a^jlU t_j | Ji^j- 
jl c£^—L^bo A> i J jlS AI^J I y_"i ^Lflj (A>-^A 

J J a\j J L- A«» U^3 AJ*Aj>-J3 c£ ^Ia9 cl^^c aScUS J^jjjSl^ 

^♦♦♦,♦♦♦<♦♦♦<♦♦♦<♦♦♦<♦♦♦<♦♦♦*♦♦♦<♦♦♦<♦*♦ . ^ 

^~ *,. \ ^..Lftj As^-Io^^ A$ LftJiAjo .cAwl> AJUjirljj ^ 

0^51^aS C—JoUua | JA ^gjlSjll^i OJj^Ai (_£jlS tSlf&o t »<XZ, 

• ( r , y L ^ > t^ A 0^°~“' l 1 

cSjijoLlS ol J jl OSjl^; ^ IjUi a 5 JoU I J Al£j I 

oVl—>- J>3 0-^1 c^jlS i _^>> 

t <A aujI> « 1 ) ( j l ft w | ^^aS aS 

L^J^1 OlJ ^Ojl^>- A>j^> <S ^^S oUj \j <— \^J 

i_^C’Lj_J I j ?1 »Aj l> L> (_• * ««> (C (3^9 JD ^^->1 C^lAi*»»ifc 

(S'jZStls*-jS {\^>-1 J (b-«>.■&■> *jLtXL>-Ai l^i I jl aS 3(j I 

. tA> | O^AAj UsUI 


1- Sir James Jeans 

r ir 






<Ubl jJ jtbiy- oUjjj olf'jUw yi)ljio 


f I* H •• 


Of+bjs iSj^>\ CA&>- y^ ‘ lo 

iJA-w ©jUajU c£ly 4$ Oly y* c£tX>-L> jjyJjl 5 <0-**>l Jl~-> 

p-.i 1 Jo ^yl<AAii 4J^wyj fy> 

0l-»^J3 A^Jol l» 4JIS y> iA> A*jL>- }1*9 O^Sj^-**» l t> I *S 

♦ Lw c^Io^ ^w_^L A*t 

C?4a^1x«-a4j ^IjCLa JICil Ulk. 

<JaI 9 t^**»ji> 0l5jli-«» yl„^ yi^jo aS <A*oy& ^—■•i^ <iXL.i*w.te U 

<l5> ^_>Jo^ }^£hA . JuAA~£< 0^ji yAly>- C^Ala^^» 

( J-aISo ( J^>“ 1 yoyjL^^i (Ajyjya oJl-J&Ij £y*> fliA>4S ylSjbL~< 

A .1 ** Q ^ 1 4$ ^ | Ll j j 

i **->^^> - ^*4>JbAj^ < Ju.m>L 4".. >j>1 ^ Jlrt lX*^jl t y ~^i 

, < JU«^AI3^5 £jJy*o y^>_ jV1a9 jr*** L^^ 10 JJA J2> Igi ! yCjl»A^i aS^AS<AjU 
S#* oMy° ->•> ^cSUjL- ji A^yJ 

<S y JLaj^-Iaj aS O-*»! X aI^VIlSL-*-* E tljr* ojli*» uUj* <Jl2»1» 

• Ayy> y*A> o^Liil Ais^yiji <jy^>l <** 

aS^jIuo! (jLu*? - ^ jl v • u> ALu)A 5 ^ISjI T «i | jl 

ojlS^bL-» j J^X>Aj yA-jli yy Ajyiy/» odUJbU f b A> 

c?\^J_> 4_S ^ C^AjJtw Oy ^ J_^j A> ^iai . oJLiU yly»- 

y ASyTIc-^XL>1 U_J ©liyS lly^j Ay£»y& OJ y <Ar>- t^j | 

O^yl L* iS jl>l A^yiau-aAi ©^>l> j! 4jAoy> I 4 S O^S Olyy® 

L> ^*Sl ^ o J U- ojl," m> «AajLa ^j15 jLuk . tAjloiAji 

AyA>- o^U jl fy"O jy& J3 A0 •J^ - 

^jfi> ^ ♦ * • ♦ * ^JaLu» <_£Jyl 

jl aSiAw f *^*^(^* AJy «AJL^y^y» O_Jyj 

AA-iA^lJl*- (j Jb> & jlyly l^j | y J JJd^J <S yZs*J» Oa _9 ^uiA aL> y» 

JL>|4A^^y*y*J»^ ^tix**»y^ 7 ^L»Jyi 0^SiAj^>'AS0L o -?01 JA lfl>05>«j> :0Lwl» 


n f 



vi/* j*J jli IwU 




,1 AjLwlJu $y>3 OU—<1 jz .^1* O^SjLl* 

( iSjlS' l^lw ) etV-lSl^i (_£jl5 a^ ^a ^yj OAlJ 1 

,J*£aS l > r ^>- <a»Io <x>Ia 015jLl~, OLj» ja 

o^OlJL^l^^ «ajfa <Utef ^>Jji£> olTjU*- 0»x* 4*>L 

aS JJA c^l^iLaJ (j| j\ (j"L-<LaL y*> L>- OtaJJA I A$ 

. 3 O J «Ajl©<Aji Iduj OLajO 1 J2> (j^S 


(,jl^>- ^—tT ^yt» L» IJ <_JlljL>cA 0^5 


hUA» j^JT*Ul*j§ 

O'* A—S 01 JA 

cJU*- ,JjLL* C*^>“JA C*-“»J>A aS ^jVL^-A» ty^^S^A 4-jlo» 

A>J I j! ^I_^o OLSjL.*» 0 1 JA J «AjIa^I^ ^ 1 3 C^r" 

fljA» aS^ISjL^ aS iAj A A (_J~^9JA ^LmAi lALib dJoljp^a 

1 jl a5> iAIi^.* ^jISjLlm/ < iAj yj^y o<A~alj ^l^4J^)^J* 

2>f>" <^1 aL >-^a Ja _5 ed <*SlXuS>- l^j | C?1 ax^.C» (_S^^j! A^JL^-^j 

f L*..» l.^A^>" ^ J 3 ^A.-> fL&j La <A—A J£>" 0^^ AS du ^i^a ^-*-“'A> 

^■>LS^LlwaS^«-I^>«j 1^ l^3_J .«A^~w aJl >*yA O 1 A> ojS 

^>1 a! >■ yA ^^iIa» Ij lA*.£> 1j^;>*^» J L*» 0^*-1 j tAl>- L» <A— Ztjy>- 

C^aS>-J Aj 0^*^L A^>" dJ^> 0L«J La du_£>J^>- 3 “J'-*-**»A_^>^ tJ-®^- 1 

odujL »j O y^tA^i i-\_r“ J 3^~ c£^X5>tA «A*?ja t*^ jl O^-^idL 

4 d^u>l 

fc _ rf v>-La>a , ^lija O^SjLu* t j-c-Lr>- jl^^L aSajIa 0l^-*l A>^£>- 

iZS '* CJj^wA» (^(A^Sa* ^yS>~3 ddlL AZ^Ido 0^^J*-^J Cp 

( gij jjA<j ^ j. ^>1 — )1 ^iS^L»-**! ^y I A—S ^_^A.L^o J^<Am>L ^ ?L_*4*ftt j 

JA A$ cAur^? ^iaiA> L^Li>" 3 * <^>-**iI (_?^l^-wA J)& «A*^Lajl»4(1«Aj 

^J^LZ/lL\j Aj L>A*.ft> 0 ^J-?<A*j^ tA-LiL oiAvi J3 yLzrcA ^^Cj«A$C>L *_1<AI>! 

Aj^—S^^jI aS A Jy&J O'^_^jA ^_5^L> j! ,d_wL »A^ A_^>-jp> 
A^^^>"_>^l3A» .«A-LiL »A^> jl>l 0^^ oA^_y>cjLw 0^5-?L-w 

Oir jLmi Utl^ 4$" 4) J! Jl l^> 

Laa a 5 3 ^^oLi» f 3 tA*jLm -^S i>wL ^)Lo^T 


r )& 



tr £ J j* 

J3 ^—©3 | aS i_ojliAil (jb-*.£» <jl5j>ll-u> ©3l_yjl>- J3 (Sjr*-^ 

. IAJL ^ oAZiz»- jbl J c^3 j_}^jJ3 

lL^jLuj L^I^aJ^j^S 3^>-_J ‘■^_9 j <^'* aSc^Ia—J?^ 5 b-u i_ai_^A ^Jii4j 

^yjf A_5 C-^l ^1 *A£>3 ^J O^?" (J^^" C*JL> JA b 

ja aSxLz^ ^U©jU j aifo^>j ^ Of^r olfbL- 

3^>"jAi (JuIajl^iIa (S ^ZjoA$ ^Z-1L-^L-w 0^5->b*K ^ s- 7 ,> A^-A-i 
( _ r ^j|jL ; j | jl A_S jU—j _5 i£_fbJfj jL— 3 <j^5->bu< . <Ail©iA^| 

©3I J5j>~ o^yU>-3 iAj 1 a iA-^C—^ JA (_£^ZsM 0^^?* 

[ J*~ . aJJlL ©a^ jli-1 3 $>■ ^3_^>-\a^ \j\ u~zi 

jl^zSls>jL aS (jlSjLu-i ^j*Ji^>- J?[jil\ aS^-jAj 3 AZL^caS <_£b^*^ j\ 
l^j I ^3 fl<A^$jl (Sf* Jblrvl A> (tAjjA^i* La <A^J^>- 

J$3 (a>- Aa^-I^o o\j^>-\y 3 j* 0jL jA I^IS*** cr^y 4 *) ^>\s* 

3_y-^^A>l^j | J>\ (_^^Z^lc>"^$c^li>iA^l) J tAj^^5 ^a ^«JU* ©^b t3uZ>*Aj 4 >uXj 

<5l$>Lj cSjl^AJt jf 4f te&jb tfj .Jbj^ 

0^51aS wLi»U >A * < Un t£Ljk4) ^yCa»o <&iXo f 

. A« i ^ A-> A*^ b .«. a^)3 

tf 

?oJ^ 4^ OljLw LmJwo 

->a ^ .b _^1 <A-LI/wI^>"^A jL aS (*i^j> o i ->3 

obb»*>^>Lw_y ^y*»lA> f 3^LiL»jA>-^> < JlJLc 5>^£lsObz> Li»*oa o^jL 

Ol —*->ja a5c^1 JUS Aj Lo 1 } *Aj^> «^5^iaA-A Aja^ia-^A 

—^aOISjLuu» <_alz>»j* ULI*_j ©jLj3 I aS ^^>L>- 

(_|S ^^IjIiA-jAj Js^>^_ja ojLj3 C-^AZ?" ^«s» JUSLj ja-ib 

Aj L A^ L)b>* b‘Z^~ < ^ > A. I^ .^mA t (fr^-'*-- ^ t _g j * L)l^>- 

» 1 dAimJ f L^~ 

^UJ 1 \iS Jjy> O ^ I 31 JJ ojdl 31 

A«a y^JL* J^?l *jLj3 b c5 ©lfr J^9 />< 7 «« *> cj 


1 . Immamiel Kant 





J* j 


fl —>aj c£^~jl ^3 (tS' Ol^-^-^b-? <S3 j\ (_/~l 3 ‘ Os^j J cj 3 

4-^xS>^._9 ^jl^_ sLo o_>^ |j A ^>^3 Ol J“£ 

aS iAj1©<Aj»| t£,jl5 Aa 1^>- Oio.,?! A^Jt> Aa^Iz^a (,^)15jLl^i 

«A^kU^J ^^3 <££jr* C^rT^ J^yo! 3i^ 4=?-^ 

o^liAilAj . ( ^ 0*-wlot)Jl( leA>- (j | y’lijl c^IiAAj! 32> (i^-*-3iJ<^>- 

A—«i^.9 ,y>l aS »A>1» < jl 3 jLa 3-1 j3 O^Sl aS yL9 

c£<Ar>* t^l _gi^Lai 3 ^JjLSa js ^^>3 o<A-!3j ^3 O L»* 
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JL*> ^ 4 < ♦ ♦ • J^J jl^l_wl 1 ? «»>4> 1 «JjA^jJ (_^L»^j9 
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.ijoS^a <_r>9 ^sdLs oj_j^ OLajI aS 

i^^o C^U>oi^j jl aS ^(jl5jbL*»> (jl^ja clljjlj _>1 <^LL*,Iza 
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j 4^5^5 jl^i c—i ^S^aj cxjlj^>> ul^o a 5 U*5jl ^^u^iji 
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l^J | 4$ L ^jlSjLw jJ-£ 
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«c^Lo^Lr pr-JL*^* uL-l L A^j 11» jLIT 

$$>-<£| ^jLjI aS Lj^j 01 J-i aS O-wl L-L>tj AjL Ij 
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4^_j U J>2> <X*o tXls>- ^JkzZ>- iZsS -^«Ai ^ial-*JOa O I Aa- J>3 OL>-^S 

««) 4^ 1 - "»^ ^ | {^**y*J J Lo»—->■ 14j . 



^9 ol aS ^ jjSOU uxS IcjLO ^£> 6cXir^J 

<1 OiJLw 0 I ^UaL) 


v^uuJ \ 


j &£f 

0Li5CgS©.}!^jL>* J\ jl t-* j' 

(A-J< jy-y *jl ^1-oS Jul^ j^-oJ {j[l3C^S>^j~>AS^^iJ^A Ass^u-IJ^^jIa» <C ***»1 

. ^^tiS^-A l_J Lw 0 _^aA~* <\aS>- 0 | jJb£"j\ «Ju,L 

C^l^i *-^ > di» O^SjLl* cSj>- ^Jj-JLso jp-J y 

O^w 4_S 3O^J^^j-® 0 A1 I . OciS^A Jjm-A LaQL£.X ^1 S 

iS^ytiocMSVja9js aSoISjIiaoI (J>Ia£ C5^*^^is> ^jl» ^oIj 

oJuu>j^a \Z*c -£-> jl ^LotA Ou>Ai i^jl» «JcJLiil» o^<J1^4i 

Y <_J—Aj ^ o-**A J > «f L <_£jlS j^5\3^a £_> .)y* l* a»L£*a ^La|^ aS 

•tX-*J®3 , * .. > pLS^l Z m/ oA $ (J>_?La | y^Lk^uA^cA . ( 3 yJ^> Aa>4^a 

JySl» £-iJyZ £jy* J3 a$ aja^^y* OLiJ ais o J y^> pL^iC^S 

. cLmI» JL»> O 3J0 1 ♦ O*- 5 -® t -^L> JJ> 1 ^SCty-A 

^1» ja>- 1; Jyjb d>>>- '^y** y> 

4>t*JL» OLi>- Jd 1» « 419 o Jy& 

•c*hj 1 JL o^Jb y ♦ ^ o^Jb 

j&d 

^»ljl^9 OiXC- ^Ays^j (JjLkJuo,^ L» aS $ t_£<JoJL® t "j<Joe» 

0^1^-^-> t ^--»U»S OJ_^>A» ASiAj.b^jo^^i^i f idu 1 j1jj> ( J5 Cus ^1 fL-^1 

Oi> dAjOJ^j J3 [&s ^y . e Ju J> OU—I J}L>-j.} 

» Ij (*U> Aptj I aS ci^Lul» lj <w-liaj* 

_A_a ^_1oJq o«XoL»i aSCIj Ojl<-Vj jLjU C?Aja^iil/iA» t $yJ» oiX^*L» 
^Li-»»oAi^l9^Ji^ aJ^Li-w L® Aaj^ 12 a>aI» 4^0*-“»! ^L-AIj^-a {£^L&~\ 

.cxil4i9^S jl^9 01 jl <£jy± 

Aji^iaj^UaA 1 jjL, l5^-J!(_£U> 4 a^JLa^» 1 oJu> lA*o J (J5di 

jl U Aa^LlIa aSo-1 ^Jy^ OUj»»Ai O®^ 3J^A 


rr* 



iir j» j 

j XIV J XIII ->.> -s^ks* 0|a* cjI>- 

4S 1 J (J~J» ^I j\ (SJ^A <Afkal* y&>- XVI 3 XV 

j\ .^loj^l Oijj^ C-j^» 4jlp-cWj o^ImAj 

jlSlil £jL>- <f D cj^“* Oi^ <■£?-> 

fldul jljA (*~^>- A^54—S ^oiaJLAli < C—>1 

«AjL^jI J>j^jL 6k ^i^ \^Sis^)\ <S}J jl 

njujloj Ij ^U.vL <jrA^ G->^ C—jIa 

o<Xi 2> odi (S |», JlCsJ l—I jl 


• OJ <JL 


4j^S j V^jl Ujili3>e> (S ^isu ®<Xol^>- ( C$ */ ^ 




&PL> 








'S- 


( 3 > - c o. 

~~^Cs\^jU 


Af J£Li 

. c£tXL>4juL JplLjo £Tjb>- c£l^j-i->Utw »> Ju^. JCil 

oJLi *<AjJ> 4il>-ii-K>J (^*-° 'J**> 41^^41 aS j J l^oUw 

c^lo^j^>(^l^jl^>> ojLij a^>- oU-MI»! 

* ^ <1 1 ^|4 ^<! J kl>j 

l4i JkA^L) Act^jjj(j1dA>4S^>l»»Mi 1 (^«n.iopAjjl U^’ 


1. E- Hubble 



fy?~ ^ J^^>4> i p*- iSot^J l^j-oUc-**i 
< (dblol^lgj 1 4j«(_£^il =^^yUe-«<)) f 

C^U^jli (_JdlV 4.S J^jU^A 0»i ja AjL>(A*<?j ^y?tJbl j ♦ ♦ 

$\ ^lla 4S i olS.*jj o jL«w 

c£j^^a o-o-^5 UI .t\jjl^ o!j> 1o&UiU <s A,»^ULq 

< iAj I ^tyij^ ljc>-l 0^5 jUuOeUlSfcLf C^I^-Lj ll» 
_^ja (*^Ua c£ (rr al^JO jJjUj) (S J J j! l^ilc^lojUu. C*~*>U-J 
• I J> I o<aIj \ jl^5U J3 -6 

cSL^o jljuli l&4JL?l9 

C»-^ .iUj t_$io ji<ASl4> c^lo ^>- (_$l^jl^>-_J U (jU aU^Is 
U 4 U 7 U { j r ^ JujU) ^A^>cj <J—jwS>1^9 (_£ ^aSojIjJI ^SjUlA 

aSc— 1 0^>“ ^.-*-o.ft>4j .3^So^Ul-*»i| (.jl^J^yj (^ULa i w 9’}U>-l 

Ji { \i 1 4 S du^LiljLO^-o (jU>- lU>- 4» Ulo^i Uj-*J C?l^jU^l> 

.ajl4z9^Sjl J* oUiC^S O^SjUw oUjo ^UU- 

^^iUc-wii^Ualj A-A.-oUt>ol» 4 JL 0 I 9 c£^5ojljul jl> 

lXj^^ 5& tXw-^ ( _^' Q 4> 4_U>-U--<yJ I o 1^1 ^SCii 45 

c^l^>c-.ijU «A-w<j^>li 4S.>^> o \ j>\ 1 (t^jUStjb^XXIX ®jU-i J+&.3 

l^j | tjUo j5_} OiXir ^ ^C_1 a C^UojU-Mj(^jU^>OlA£- J i 

*5 ^<ao (V) ^1 j\ l _r?i <A ^ _ 

U : o : >~a «AjjU ^-oia-Lo ^lo'j <jk s ^ ? c-^U- O^SjU-^l 

_^x*.i-o ijbc£^JSojIiAjll» ^>Lii.3jU «L>Uol l^s! 

OiA^ltA^i 01 U^ul aI^mU^JIoI^a! ^y>tOjU C^U_5 ^>IjJ3 ^A*Jj\juS C^U 

4-^j Iga ol_^ ojliAjl Ij l^j | ^LLja OdJjl^L» 4 S <Z*~>\ 

e^LflJlwHj (Xu! j^>^a(_£^ ft>Ui ^SooJL^-J^t» ^liaA 
. iAj o^ltiil 1 J 1 aU^Is ^Ualj JJ»A>e-o j^j^SUa 

•<A^i o<4>^ 4 U>U»a J i o 1 ^ iUc-«> 4^ fU-J 

jjlotA-^-w^) 4r>t^Xjtiij4^ Lo^ j3j 
^ 1 ^JLovS t_£ ^ 1 o*Aa | iJ1*-mj34j 


U-i' 




. O-ow 1 o Jua | (J^--mj34j 


rrr 



j> j ! J^> r 


.^.>1^> 0_^--b 1->V 0\ ol-i^C^S 

dl®l j —Ojj—«3 <£jT J J; —j ^Lt-w 

L«l> 4S aI^Uj * c-^L« J>\zSi<& A^ia-L/» 0 ^-> L«.«jb 

•O.w'l <—5 w J la£- ojl<-X—>1 Ar>- ^}L>- A$iA£o^cj 0 !■■“*-> 

3 't\ ->■*-? ^U^dL ^j.L oLa 

1 J L^i 1 ^5^5 J J^>-9 . o«Jo^ 

.^lol.} £V {Jidi J2> (S Jh J Oj_^=Aj 



6V J5C^ 

I j-> o! dloj^ 0^>,L‘‘-*£> 3 cA-^1^ 


rrr 





L <r 5 $ i aImAamA ^«1^1 «j^ 3 c£l*^-> 

j-j» .0—1 ota Oloi c £^>\ OU^oil c^l^ l-> 

aSjuUjO J-jCiJ »jlxw D>Ju* l*Ou* ,>>X> J3 C?SlX& £lo^ljl 
^ aL,L,JU|^* 1 ^U— i^jJ^UiC- Olj>^jl OiiU 

JOL AXOl<Aj $2>~ tjPy+£&** iS L» aS ^ ^-^1 • S 

^jIj Olo5d^S j^jl aS 0-^5 o>l)j <«x—j < _ s «j ajV^Ip 

J A A * # ♦ ♦ ) 0—1 (*-S £jl—J ^>1 aL^Is Oy? *^jli «1^-*^ 

^jC-^oo .«AjjO^*dXj^ ^0>-U ^l—jAj «(J b ^ A * • ♦ ♦ 

<AI>*1^^> Igi | <»jL«JAj ^OVjt©fcA> l*>£^U aJ^ i-i^lS j\> 
i O— li^2>-^* <jVjL* A^JU ®J ^aS Ai^Sobj* 0^>- 

. 0—1 *<Xw ^-— JCU A *. fli 
<j> ^~ *- - * ^iAc ^j^sCLaJu tA"^nJkS<^Lt^^jQl^j Lm.».o» 

o^l • o—1 ax>-U j^ol <^l^l^>jl 

i«Aijli^^j*A^jli ^j> l^jS^Z^I ^jj4£Ls*a ftjlt\jlj JpIsJ^IaS ffc£^I^-l 

oOuSI^j Lii9 eSlo-1 ^9 ^ ojl—jl£—| ^^SCJU c£I p»<x*?„>aS Ui| U 
AjI^Jl»^) (iT** 0—1 AlOl.5 A^j J A»Lo . JblojO 

AL»jO ^ >^"0 ^ ♦ ♦ aSjlISl^^aJ» jLiaJjl^j I^L^AjI^L* JbljO*^_^* 

a 1^> I o | ^*1 o >j y*** ^Ca^aS 

5y** C^JJ aL,Ij ^jlj.i O—1^^-^-* (_slo^j J^>- c^l^jl^>- 6jU— 

<S x£l^»b— ui 131 Jij}$ aiAIj <0—1 O^Ju* t ♦ ♦ 

.Xj^ ljl&> 1 cjl^^j^j (_r^*il 1 4 • 4 -j^IAjLaS o—> 

a * i “* 5 ^l»«- 

oOSj\f>(£ l^J l j ^-AL^jI Jj^lj (Vi ±jS AtUiJ Y 1 9 


^i^ojA s»A^>4j ^L>—lilj Ajtj<X3 C^l. t 

•jloS A^l^liS OUL XVI SjUi 

Ferdinand Magellan* r 

rrf 



Oa 'i? j* J 

©JUoli f U4j 4ffe>7 

C«Jl£f4c>&9u 45CJb \£j t? %Z»jJjJ J ^taC £>j£t 

Jliaj*^ 1 aSc-^O ! £ ji^ as>- ^ b'* 

<Aft»A^g«* (jtjLi4So*A*1^3 U&Jl»^ J Ojl.Xi>lo©l«w 

4> I A^_ju£> jL^a i A^^^OaLwp 1 jl4S(_$ , J^j < ^ .A. .l> <Z^~*\>- 

J-**$^A A^ I 31 AA^^y» j[>- U A^> (Sjy 

—is*^ j 3 ^^ oj!j> a>-jj> aS ( ^j!^ c5 -a C^a 5 f' 

3 <tXil_> AlJI>l^ J? <-33^>-l *XJZtjy>- ^pda*» ^j>~ A>-jaI> Jul^J 

•^sA jlj^A^Aj Cjj\^ 

c 5 !aia*»j^> j\S (^L_a>©A^j Lsij <r 1^-aLstw ® «Ihl^ 

JOjl^>- A^-jAOb®* l^j I ^gt la *«> Ojl ^>- ATvJ^aS «AjA^» 

^1« ^tiiw 0*-*oL> JaL<? IgJ | jIaS U^a jl>-lj <A^ 

Jxw yl.jka5C)^>-3 •‘A^l» e^wLllJ» l^il^ljoljl £* 
AI^IajUslIjI 0L^>" «AjU < C—L* *A^J y>- ^a5jJ> 3 jli O^JjU^Ju 

j\ jtTJj* ji^ji 1 . 5 ^ c~j\jy*S 

^1a5 0^1 Jjj aS lXw U^*^S-«>A oIIm ^j! ^3 ^ <A^l> iA-^i<J^>* 

1->V3b U3U1 OiUl dJLJUf^l 

A= t*^ Ol^T ui^. *A-~ij_p- C^lj>>5 

t^U>45G c£aI» J SiAC-jI A^ria « A^j-^yO-> ^aL«» fto-Jjl J^JaS 

OU^^b (jr^^ W»l 

-S^Li-n>^l aS ^u«L> AIajIa jlliji ^y l^alj<LwI>jl Atlt^S C^wI 

.(AiloJulr AU>-Lw j^K-i<J>S^L}~ jl IlX>- 1«A> ^SjLoIj» 

^gpfcO jLkSlAjjbCidjoi t ^)LzSL( / S’£jls>- <s ) 

cS^ J3 lS'jLaI Lo AS ^A^ «jLil Jlcr—i 

AC?JlISa»L* A»^LIaaS CwUtLi ^^Lw» <jLl$T^S (j\S jIaaj 

jCa C? C^U»A-»^ixo» AJ^-a JA -«A-lS^y» uUjAA^>- (S^> ^ J y** 

JpUl^JpJAJAj^^ o<AJaIjL*. C-^IoAJ* oiAj A O^JA 


rro 



o U* 


jiaJ .i jIj^a lUjJ^LsAi t_9dlj aS (jl^j AJL^ib 

O^Jla ju^ iA>Ij>- 4 I...I 1 .,. ^ \ \o |^-«1 t^ K’jy> L>*ai/ V'-^ a • ^3 

J5 U c£!aj jUc*£-^^ wOUkitiU f U-T j_J^<-fijJU/ 

. C—'I (jO^^S 

<_ jSC^i (S5*3^y t_^A*> 0^ Jji 4 —^ 09^ J2> I A> 

(j<-^ Ijuj 0¥*t** cflo^i A>_j <CuJ (j^j^* 1 Ap-^oj>tJ» Oi' 0^ 

Aj 4—S t_5 3 ?iJ-^ ^* C**»! OljJ^ As^JL> ^jcojLa C?Is>_JjLj 

<-£ta>Jjl_> AS «AiS^vft (J^^9 0<Xir ^1 (gl.»..** jMi aL*^/J 

^>-l^j 0^^-^ lAjtA-i OjC- y* aL«_*^jA» 

.(^o\A>XVy J JaJZ> A»tA-<£s)^i lo^>- 0l jl * 

J**> A>^i^ASo^l(jL*4>-i^*>lis>A>-^Sl 

^ cj\Jy>-j^ £&> ^ j£\ste~y v*^ W* 

<jUifc <-£3j{*£yjz *y>-5 Lej**** j t ^ 1 <_$* crti 

^_y>fc»jjL& V (_JjL~j*j! j5*& o_9-w t _^»o<Aj^ A 9 J5li j^aS a;^5 

‘•^■^S"** jU-iAj (_£^1=“ 


YT9 



J-ai 





4$ <_£jlo JL ^ <*JLLia J 

<il> 4—> I j ^Oo l^»U>tw 0^?“ J3 i3 iis,t * tlH‘ C*-<1 

0*£-^fcSojltluI (SjJj\(Sj «0^-*J otAjLw^ jLoj kaJ 4j>- 4s^JL) 
4^Jfc Lo^Aj 4$ iA-w ^LAAS^ii^jy l4j l £1 

.tju^^eoLi 49 Mc u^o*ju> uji j ju»^j^ <0 u^T 

<_^uit l"j I \^£*'jjut . | 

<^L>>JU;jl (£jjj\ Oly^ U -. fl . I. »..* \jO | J JojU Ucojj Ja>o!aij&1 
c£ j> c~> UU J jL«.i .03 ^JS ojliAil U» | t—a—b-to bjla>- 

—^*j Oo^J Ja^-^3 3^4.^ ^Tjl>- c?U^>Uw ^J^U* 

.03^5 ojl<Ajl (jl^J 

rrv 






& A 

^ ^yi^sCgS c-A^ c?Ur;^- 

. OLwwl*<Z^wl^ <4>y 


rr a 



^ j* j ijSi IU.J 


jL—> yl£*sC^S jL>- c^l^»Us4- c£ly OU* i *J| 

3^U ^yj^LojJ 4*I>- L>tljlj34>- Ojlaj Com> Ua> 

dlo^ ,y*j»jAjt£l©UP l^j-jU**/ Ai^S^jl uU^jIaS ©jljul (jU&> LayljJ 
JaL a^I^JLj ^vOjIaS oSs i t~s* JrH 3 Sup 4 JL 0 | y* 

-^U-St* • C*P^aL aJl^Lu^«J lo | ^»| ^y Uw4S ^L>L>-4 j I^VlSCa^ 1 

y? oVL> (j^>- ju J_> ** 

—iy J (J<Xui i-iji^i 

.—» oLl^I^S j! Ij3^>- ciL^U «AJLS»^Sya c^U^y?» c£l^jl#>- aS jpo 

.ocllS J*lj 

41.9jljji c^UaI^Ua» <jy>- } 

CA-^r J ^ cril^ 419 j 

L_g^aUc~/ ^JxAi 0»4w JiUJjl 4 S C^ul^iil C^UUil-wl ASu^iy» 

U^-***! • (&A ujL*^* yly .>jU sy>-j 

C-Py* L «AliL yjJ3 U ^1 4j>-yt> j UJI JJ3 C^U^J^P* 

CudIoOlw l_5 .ullSy» C-Sy>- c£ 

jl (jl ®jlujl 5 3 jU Cu«j aI^U l> l^Ll9J,_^*a yj>l OP 4 S 


♦ < ♦ ♦ ♦ L" <>*J 4jL~*> C^l^yUwL^ly 4jUj3 uXm9 U-»j>- 
J)ls *&t£ JJS jL ...J c£l^*jbu.t£l j*, {y*<Z\> ) 4*)b 

•^ur* ''V. ^^•A) 4 * V • T.tuP ' -« 


*■***”» 5 * uy—i" l^a- 

aS 3jl«4il i yJ4ijiAj| ^ilAj l w > < ^-»31 (jLai—^>1 L | 

<^L-| J^P cfl^il^-^^lA^P 3y>- fy*w (jU-^^jU O* .* tiLL U^jjt^Uji 

[*j\ <Jl£*L y^U^* AS < y^>*j3 dby* aSc~J oUjLwy (jll>* Ij t£yi>*| 

4j^_JaiAj AiL-A^tT^ 0^*5J L Jy*£ j^L yjl L | ^y^Sy* 

Ij OiJ^>y» f L_i* jJJAJ L)Tj3 4 S C-...-.j (jl^>- SjliJ3 ^y^ALj 

\ < 1^)3 

(jl^C^Sjl 1^17 yljL ^S ^jl^^l^U^w A><0-J 

4^Jb ^*I^J3 Aid» U 

m 



y* 

^ (_£UaL*j 19 ^l^US aS ^Ui (j^JUclIj 

^ aL^Is < (& ^ ^JsCi) ,>U Ij O^Jl> 01 i^j jl<j^> ju jU 



jsh 

L_Jb4ia£> <0^510*3 ( *^lS:>L \j O^jU aS flSCl* (jiji 


aSO^* (jl^ < ^^i < -^3*‘ es^^ 4 a» j£~i$ L^UbAiaib ll Aiaij 

c£*~* O'’^** :> "^0^ < iA^iLa v^^j UbAjafli l£jj C^l* j *-~- ^51 

Jb>^\5 J) jl J>1 L^lfi>Ais2Aj A*Jfe aS OjS |*JL»b |j 

^ <^-?J ijki^A J^Lib J_?3 J 3193^3 eJ>lfrA> 

s>j r l^>- ©jj&li^» aL^J Lt l^.j | aL^UL U— <iz^~A c~*\ <33^^SJL> 

• O-**'! 

aSjjjL «3 3“*'-?-^ 331 

(J*' _ y **5~ij)\jls-\} i ©Jcw o<AS>ljLn aI-^JAj aS I J {£ 5 ,^<>_> 
o)Iaxs^ ji^j uT^ ^Lc^r c$tgA)bt*> 45- ^girj 

„/-fjjr?“ aL*>Is A_S 0^»U A^v-^j" AA^J 33 Ia» JbU .^. !*S 

rf * 




tir j* j 1,^ 


(^>31 Ygi I _ij^>- ^ujtXlfb ^U>1 ^J««AlS^^o c-iL:=^ l? 

OLo^^J (jT^I-S-l Jjj>- (JLu/ cl)^--ij^ • «AjLa^a Coli 



f ♦ 


C-Jb--^ (jlj^ aS^jLsjS tjf JZ-* JS 

'1 6tX-ft | c£lo^>J^> 0<Xi £oJ_^> 


I 


YY) 





aJuo! 9 | 0^-—* ^J_5 1 ^ ' 4 **»*^ O^*S1 aS <>^» iAJL&I 

o^J^> y < i^j^xSo^1ol 5t ^_^4i l*j jl> <—? • < -^ 

^ U\ ^ ««**■' * (_jL*-* a 1»«^19 ^)l jl ^p«J (JL» 

iStLu^L (jl5(^10(A^L)ltX>- 4 &^a?ia ^IaC' L> o^J 

. ( f' ♦ <_J^lw ) 0u!<O_^> o0l£» OJ^-oA> 0^4>' 

0^ 4S^jl_> <^5* ^c>i^ 

U (JdiJ^Jlj Q«.»i l .. A> 4 ..* .£ > C^t\> L» 

t J j idj|o<Xui Ca^j^ o< x « i 4 i^L«i^9jIaia jlSjl (jl5jlz^i» aS 

d iS^j _U>*l jlS 3) dlj « (^Wti 4 I^»»jJ .^1—a*j| J) 45^-li l^USd^S (^j-^Sdio 

^diCjLJ CjiJllsieJ» OlSjb-w 1 _xj I oUS 4S0—I 
*2r-jisJ2 > J£j< 3 $Cj j\ (Sjf*-* c^l^iLlSd^S didi I 
—J^ C^l^AC-^oj^o ^iluL* J^> <aj^2< ^t* jl <j^>- ^jS^tijOb 

4* . C**-**»! ji «AjlJlw 0l5jll— » C^L* I 

(_£lfr4»jy]-7l a^J^lsJAj ^$1 iAifcj I l» 4 j!jLa jl— 

cXi\jotXJi 01 oVLuliIj (.J-*^ ^»1 <( 1 ♦ J-^«9 ) o«X2» 

Jo li_J .JulSljU* JjU^dS c£jlduU ^W^W?* ^ 

jlS 3> jlji c?l_^jl^j l^oUw ±>\ Oj^jI aS jl2»L 0! 

^ySe^jU fl>4» Oy^>\ ijl$j 1 aS <£ C^lojll-w 

.(Xwl> 6 Jl 2» £jb>- 


?l^U 5 C <r Tb jl^jUw :c^l yojj^pJL* wtbpfjir 

JuS Jy*£u OL*J>- li ^^9 ^jIaj \j o«Xui^>- 0^»^1 ^ 

4 L>j^-> i~) )jjoAi Jl] 1 o«Xu (.jlftiit _^l l^jL~ 5 d|g 3 ' 4S 

OlS^b_w4^c—'1 o t i ^5 jl^SLoj A> 

L I 4S .<A.L^lt * 3 ^> 

j*t 4 S 4j^S(jU^ aj|yLj^« l Sl^>* c .AjU o—^o— 
4 ->S I»JLI _>1 j \5 <Sj ll> S«AaS j y~cH Ij O-JuS ^S 

01 il tSJ^* oa-i *^U oj\* ^ 

vi5dj jl oIoJIaj 1^oL?w ^j^I <^j 1 jl to«X*l i^>-^4j 

rtr 



j6 j ( j£J IwW 


1 i i - —*1 | ^ ju> Lm» o C < <A-> 1 o^ X w 

?0*a 5 A^ 4 * J i) b*-» 4_^«i ?^9 1>J 

a!jL~a4j uiSjl^ 4 I*... a 

C^JcX94Jl1w* ^»1 4jLtu)Llja i Jsjp^y* J £^y»4j 4$ 

oU5 aJUp^5»-j! 4 S oLj ^>- JJ> (j<-^> jl J 0>X> 3 J>jU ^Ou^j 

dbl» l^l> L»bo Iv^OeiAj (j | Sjl» ^j\>- 

J v_a)^i djlj c£l^£»£>_}^ sJ*. aS AlSCj ^jl ^Si>4j i^^>- 

*S r i£^oT 4 S O j -**<1 OI <Jl»^a vXft>l^L*j 1 j\ jlC*> 

• ».^«.<«)l4 ? m< 13 L*J^S^U-*>» ocLw^jA „^Ic-1 

01 L» 1$-oAj ^ ojli 0^*?V ^rbjjL-l J^O 

l^jLw^^S ^jiwOI L^Ol-^ ^ > L»gJ ftjdM? ^ 1. > 1 t 

4— , S ^ i.< ^ oO^ - Ijl^J | ^Ia) 1 J ^<)l^) t ^^1) 

• JlwU jJ^jlLt* U—> | ^a 0^^4j SiX^^ «OU^LUa _}! A^jj 1 1» 

O^? - 1 lAjhl^at» 4Sc^lo*XL)l^>* 

Juld^r^j ^y*0y* ^jIj^aS ^*<»l>- C^l^p LlSa> «iX1S1iXaJ (S 

. (XLS Aj*j>^ ^y* 


j**Jj®l^ Ol^r^ U" ji < *F ^j1»Xi)1 il>^ 

^uTT jitb 

C~Ju5j (*0^5 jl> wAC-A» 0L«J Ji 0>iS^ 0>>- 

^j.|a^>U-U Oj^*>A> Ij cO 1 —^ 

J l^j li^l^SASlj | OJi _>L—JjO—j ^O AS ( *-y*_> ( _y» 

<** <a-iU oa^j i£y** 0^5j^ 

j «jl^l^ l> Ij0l#>* j 15 ojI (- y>- 4>>j3 

Oloji^p- j J^>- aS 1 T**^« «im^S y ly 1^0 .< A .ii/L> O^^J 

^mLo^l*l l<-Xl>- (_j-^sI^L> AS oiAa) U «jltJbi 

^ 1 ■.»«i| 'jAAs 4T.—^ 1 , (^^wloi V .m> 

J y- * U ^lyL» L* Asyj I J>1 JL_>-Ji Ol^>- ^Itlljl 


rtr 





: «Aj^S^a 3 «AI^I^a 4;»*j 1 -?l oOujl^i>- Ll^Aj 

eAj^b ^3 | 4$^^» Obc»-^^* 3^cu 4X-wJk5^-»J>-4^Jl> j\ )) 

jlSjl *£—»l o3J^ 'Cj^ 3 ij^ijr^ v3i^ > ' 

t (J^ 1 1^4 aaaJ <-X-> 1 4> ^ \ * 4^*iwl ^?L A*l> ^ 1 4 mi ) 

(K tijli V^ftLuu 

^_S! 4$ .^jb 5^>-3 ^Cj^ s o-^-*~9 b iil_i 4 S c—jb <-XjL> ^b 
3 ?~Ja5 uW?“ J-*^" O™* 5 "^ y» SjbjA 4 S l j4>cj | fl^>- <Ail yj 

^o5Cj?tA oISaJC fci.il^>^o J 9 IV 1 lImLS 1 -^- 4 *)b-« ^iaj4j 
3^>\ >ob ^— J^s- Ay>^ Jl 0->l—^ 0-*il_5 ^\ . «a^U 01 cd^ 

^j3 1 ^aLL> 3 ‘ <-^0^*Aa c£jbjb 4$ O-**^ 13* 3 3*3 f^-*-jb.jl tAlib ^9 _^IjCL* 
o3JLjyJsJZS ^3=>\j>- Obj>4.> 0-<**^ Obj jl 4 S C~»\ f 

(JL**» 0_^-;b ^ 3 & ) 3 ^-— > ' .>ob \j^S~ ^>-“pbc- 1 ^oX- 

«yb^^r-* AsLil4>((*^.jy c£b^ J L O^A» \ 9 3 Oybjl c^l^i 

Aj5^y» C-j^Sj b ^9 O j J ‘^b- ObJ 35 l$J I 

^JloJL^I £cj_>Ij L ^cjjll (3^1 j\ LgJ f 

l^a«3 3 ^s 3 j 4S^ 5 j1aaa 1 JI5b>- __>L^.j jlSjl ob?* Jp I 

^lo^l 0^^-^»4j < iAj ■V 0-<*>A4a Ob?* <3f 0^““^ ^J^lSo jliAjl<> Js>^s 

• Ajb OJullaA 
« 

Ojd Jvfr ^UT Oly> OU$Q j,J SjUobL**; ^oS^bi 

^x»l— S' 4So—>l®A^^O*J^> 1 3 1 £-Ja9 33 . L>4j j***}.^ J 

—s>- ^sdjj^ JojI ^-w Oi*J jA l^i; _} (*jj_J >JJ AwoLo 

3 «y 1 j*)j> S 3 ^> 3^s>- - 5^3 Ojly^ J^>- 

» i A . ^ t Is^l _ ^j3Sc3 (A^O 4^>JA O^bjsAl^- cS'^b^i 4 ^?-->A 

OlSjbLw OiO 1 ^^ <^j£jr» 0>^- 

<3y 3 Jy J^l_^4i O^ ojIaS 

■ 4jlw1a 4>-y ob^ i^J 1 

^3>33 £J3y*> ‘ 5 j 3J p* S3J ^ ^j! 

j**S \ 3 >^J i}+££> & ajL.^ U s \b 

^j^_; ^l4> .aib ©ai ^bwf Olgi>- « jb J-iU » J^-f jx> ja 


rf f 



aS 


j* j 

0.3 4.j iAjo J ^y> I U Ia O-C-U*; Ol-i^^-Ji 4sJO> aS C-dO Uj b 

\j 01 0>^ \ *> 0W?“-? O^SjUl^ Oljjx>i 

* I olLj o | t 

L aB JULu 

LP *• ?••• 

• j|ju I I J J^aI (JJLa A$C .j I L?L>4> 0^>- 4$ f j Ji b 1 

J^r ->1 O^->0* Ly^j °0>- 01 ttX ~M ck*J 

Obi>- ^jSl 4 S o*a 5 L | ^^Sjjr* »j 1^1 ^>" oj) i_j I 

• c$U> O-S»-* 010_J«Ji _^i Ol^?* cf-J.?j 

ijJotA bOl^>* ^olcVj 4$ ^2*0 0 I fO^“^ >M " a 0^ JI ’'v"^ J 7A^ ^m>U 

01 ^--S Jj^j }ULa J 4^1.3 cSiJt^peA ilol O U?- L C~0 

01 ^_>Ja3 1 <-&-£» U 0_J* C^l^->L>e— ^jJ JJi OOa dwyli ^>1 O 

i^Aj ^AhMJ li <.S I ^> 3 ! J _^3 

0UL_^> ol^j^ is^-2 ^ o_^» 0^x.o ojL_a*/ jIoa J^j\ j£j^ 

cJL>- 45) O^Aj 0 I J5 *S> i jI<Aj (j I As ^LsLojl ^e-<Ji> L-ki ^js I i o0 

. ^2^-> I O^i ©i^.£*9 o^ltAjl 4>- 4_I.,£>ii ^$.3 

t_JUaAj 1 1 Ja3 c?jta—>UU J ^iLL-J (Jj^*"® 

< oO^-a^a-C- C--* ,a »a,.,> As v^O*.* 0l^*»^ ^L«C-a 0*3 C^Vlrsej |4 j 4T ...> l_j 
L>tol ji ^ . ijl«Aj j^O- *_;IiS(^-<>-LaA l» ^LLojl y>cs £^-~>Ji ^_jSI J 
01 AJL <lJS ^s ^Oi ^ (JU^ 2 -® 4$ cJub aj|iAj| 

yjp^jl*~!S (JL>4j Ca»1^-*-a-> JiJ ,>_}tAj»eAli La C^OaS 4$ iJLwJ^a ^1^4^ 0^>” 

! 0^ Oi^ ^ 


(*li4> tiJ_J a t_jtl_$4j AjC^-I^A Lj O-*"! ^SOo-A o Jlo ly- . ) 

o»X^*j>- c^O*# o j Uji ^jUi^Js»! C( W»J 1) ^ 15 f J) 

. i J J | 0*-*O4j Li5 {jf ^ J L *J 5 i As Js> jj ^Jj L**aJ 


rfd 



J -* 3 


4^3 

* 


^ J ->«XLo 0 ^1 oOjj|_p- A^l)ljl ( _ r l^ Jbli 

Ij c5 ^l^> *S a^U c—_?.> <jL^>- < ijh(^^J ojluS 

otXi ^^»3 v^'^'Ai <Aj | ^y» C*~OAi tjllS ^\j\ aS 

OuOp- (JlP c£^J j\ ui«XU-llb aS \j (S^iytZ J O^o i ^>- ^il^j 

«AjIai^-Lj L* Jj^lSo c^l 
o;^ aS^^^jA jU-I ^Uidjlol^ tj^fco Ok—I a 
ja.? <«<a^ c—I ^^^SCJjjU oT Jl£>\> SilajI aS c^loUjl 
c>jy° 1 OUj*a» ^^>ia5Cj U JouJ oj^Lft ^ I 

JJLj. J) aJ^-J^T Ot^ oTji £^ ^ aSa^5^ 

<kA>A^S jai* ^jiA$3jiA> I^j 1 djljuloi^s- jll 

rt** J ->J Slj o* I <y <S o*** 1 Uo L^jb 

OUJ^aS yS\ y^\j ^j \_jA 'jJuz .o-l cJl! 


rff 



^ J* ^ lP- 


iJ'-.- l jl5^JjOU^A> <JulotX£j 4j (jLyjli 

^J— - p 

(jijlS Oi' *“*jjiilj UAjji 

©j^Loji,^ o jS jli-l 

jLS <J-(^jIj! a 1>-^y» Ji . c—1 Jr^J J^>Ji c£«Xl54j 

j£sd$Lj\ l£y*A ojUojy^4»^ ^jScVj^r» 4 ^_?^ 

^Jiw» 1 ^j^LZi 4Z.9J&J3JJ i*A-a | 

jl—« OlSjli*»» .ao^5 (J«Ay* iZ**/\ 015jLl* tJ^-**’ OL^^S i£$'JS 

IgjJ sZ>j\ J> 4i>ja Jj <<Ju^yiOk J . I^ t ft> Oy^Sl^S C^lojliijlol jl^5jJ^ 

ySl jl^j I ^2^4X5J<UdJ^Lcj ^l^1^r>tJ o^j-j 

4_S U O^jI^ *erJ$ 3 o^-L/^y* 

,>^>01 Ojy>^ plSjtzw l«AX^I | C^L^I 0^-* 

Lo^y^ 1 "y jl < < ^ J, m JS3 O^«iol^*jj (^lA4*^iaJLj*4S 

. du* I lj.i4j t* (jj* j<S 

l^j | i~ )jL-»< ,)3j idJju»^#^Icli 4 >* >yj (^ISjll^iS Ji 

J ij-* 9 ^ sj* Ojl,^** 4>*„^ cJx4> 

t^duU- c$Ul> oljL- ^}3 $3?r3 ajU ojj^> 

^L»<«54> a^> oiIjO^J^^S <fc£^ < dbdLw^* oJl J*y> 

4$ L^Ujlail 4 j4 ZSJ 4 23J (jL5->^— Oly* (^UaLolij O^y» 4*U 

ojjU o>iSi 

oJal^L ^Uxa 01 C-lal^ 0l^> «j - .^A-Sjl (S j£-±5 4JL> J2i 
®->l>®jb <t(£J^>-\ J& ojb $y>-3 l^sUiC^Sj^ jylst^S o-i ^Ja^yiA 
IaS ( jO- o 1 J3 .du*lj^ 0l5^>ll— j\ L^C-JyC- c?U^yl OJ_^o4j_5 <\Zt 

C?l4>iL> (Jlfcijl 3 jJjii <cXOy» ^^j«A^j4j J^JI> <£ ,^^0^?“ 

u*^ C^U» 3 jl» 4 S djlo I 1^11 ol—A 

• **JS jl<Aj_<Ai Lgi 1 <J>\->35 Jjl^S L?^I<aJL«j aJ^J 

^Jo?“ Oi l*S ^jlSjl^w ^Acl oI aj oL*3o I jl 

^> v ^;VUa»1_ < J| > Ja 34S UiUdLi ^ ojlail Ol ^ 

• C^x/1 OiX2* ^»0ujl^l»l V^j I J3 (iU-w 0^JJ«J^» 0l*>* ^141^^ 

«->>?■ OUUja 3 r^i^J r>r^^l -^^criJ C3iJ*^ l^l 

YfV 



Ol_(C oiXj^ (C^i^*.$L>-))_j a^>^«w l^j 1 

(JaLj 1 7 .5 • (<JUaJ fyJja .jlS 

JaL>C-*-J> J*- 5 -? O^Az5jA^9 j ijl5jli«» J_j£.» 

< Julxyj^il> j3z£- . OkjloOLw L-loyO^*" 

Ij i y>- Ojj-My <0->J^y 3 ^J i .j'~ > U >> ^ t- 3 J *t M ‘ 3 MD ^ £ ' ^ 3 ^~T^ 

. <XLS t y»y^/Alr>-^A ^yjji Oy^^^o^La tX-_ijy>- . <JjOlaJ f_yls>Aj 

••5^-i^.A J-0.1 Oy>VL ^Jjji-Uj oA^yfi ^oL ^>_5^ 

((A^J^a 3 ( _j.j&^l> JJ> ^ily?o aLhI ^y ^Ai 0^^ ^j^>3J3 C^J-5 djll^i 

Oyi^yoUl ul c£jy|_3 A^yJUl 

jl<JoLL ^A>L-fl.jl O^L>- 

(S'j^SC^jS <_^L*ojU Ai ojLlw <^3^5 ^jLj | 3 jL*AJ 3 

3^ ~£ ' t ^ I (J-a-C^^y^ ^ 1 J (OyJ-J 3^ ‘ ^5^-a ^»-»»*£aa 

0L~«» I js *aj1f f L; Lgj | Ijl&ajLwo_>L ^y»ljl ^iuo «a j jlS 

»Aj jL^jL-a» Oyl 33*3 .>Ly _;L~~i 0lSjb—> ©jL^yjl 

. lXj j3j ^a ©<Ju.aL ((A* C m (jTLkAjy ^S)) ^IjA>aS >-Xa "«*«£> IgiU*^ 

jlS^Ai 1^) ^y>- ^ y>AS y j*° JLSL aS La <X*Jjjy>~ ^3 

yl^yo^L" C^>\ 0loU| 3 33-S^^i (S^AJ^J JU5L jjl* 

yiA x J> 4Z5j4z3j *A--i>j3^«- .«AlS IjI^j AjbAS ^.c. 

Ij4j>-^yi> 01 l _ 5 =*L*- Ojty> JL 0 _^Jj jl 

c£}LJ •a>-AiaSovwI OI J^(_p-^0 J a£j|y>“ c*a*»1 (S33 y 

. Jut>L ©^^S jIp | (j^L-aJIajJ ©(A-.Ajj^^r>- O—il 
(,jl5 M i (^loiA—P- < iAj^^o.i ^ (_^15 _^Llw A$ 

©>AjLa(^L>-^i 0l^>1 i_r“-*-j^9 | ^1 < _^jaSl5'jIS ©iLajl <AjlX>> 

OJV ijL.3J J o^^y. 

. cXj^^ ^a ^j^i) c\aum^ _y 1o w * m .4) 

JL/ L o^^ u^iw^ 1 -^<_ri 

C?L>- 4*JbAS i-VP»l 0L>* 0^^ ) ♦<♦♦♦<♦*♦<♦*♦ 

yjo^ o^J OISjLa- J 3 ^ 3 ^- 3 ^i^-i j][ ->J* ^LT 

. 0ujl-^T->-l |J L>-J^)lj J oi 


rfA 




4* 



3 ^JjL^jo jJjs-I^aIS 

i c lLw AX-4»i|^^> ^LS^I^a»; 

IA &Y o^bib! < V^ > J* — J 

)A°i? (Jj&) ob^Sl .Y 

1 ^ 1 Y' ^^b?! o^^S^MiAi O^Sjb^i (^«aIjAa^L» —Y' 

juoj>M 1V (iJ>c^)^) 0b^>ljLw^j_5j^tjbx^-b <Vj ^ 2y — ^ 

n h j) ^ 3 l^a j ^ ^ 

1 ^ Y f' 1 —f' 

) C^Iaj^»* oVjuJ ojL 4j J&> -V 

m r a (ojai^r y^r 

c£j^jl^-jJja (j|^JLc-4i 4 x*mJ& ^j\ y>- oVUiib b*9 -^ 

n r s (^ J j* j o>-^sj f) oiSjbw 

(jb_Ai C?O^bftjl 3 b*® — ^ 

nrv (y>»U) 

4JL*~£> ^yj^y>- (_£j^jl JlJ^j L plS^hl^ b-*^J — 1 ♦ 

M r A (d^lr) 

j>>- ^ <jJ- 1 1 

MTA 

xa j** c?bb^~^ ^«£>bc- o^^-*-4j b (b*® —1 Y 

(jE 3 O>olr) 


) 



(S^ J} il*5«t» f (J-aS js aS 4i^S OL* 

aS Jlfciil^jJ-wJAS C-wl Ol->A c£j^1 0.i ^ 

,>^5^0 OJ^ws> ^ 0*A~£> Al9t£Li» (J-o-S- 

OuI^jaSc^Ia^jo^s-^ 11 £y l^o {Jy^y . ^-j>o jl^5 

S£> *s o^** > I U —Y f & ?5t* ^ v-T^V*' (J>bt-*^> t£lit>Al**£> < «Jl£>1» «A* | 

~JJ \j < AJb^y* J*5Clio \j f^jljjljl OU?jA ♦ jV 

^*j|^l^9 ^1 oLaS c^la^oJb^»! w ^ lcX^>» ^l^£o aJjL»«j»L» ^JJAj 

•«^*U-rrA^ Jj> 

J6 A> LfcL>t«JJ» 0-i c^I^jaS C^Iaaj^L»J3 

C^'aSo 1 oIaS ^ji^j^aS tj&jf J 9 4Aljl?j\ Cwl Ojbf- 

Jjlk» f_^oljji c^lg^yl Obi aS ^5^*1? j^?* ^z .».c : -> 

^yAAA^lai oL* 0^«A*Jk Ji (*^jl.A^OjP C^I^AI^a)^ (j<Jw p2*- ol Jj\ A^>" f 

. C^iAJLjAAaI» c£«JLo*^^-J 



lifj» J ^ fvU 

^Ijl« A_^>**Aa | jAaS c£<A»*A^/£rLjL>-i J^. 

j_j*L_i*4> !__> (_£ l& la*/»Jb cJuL»1^XjIj >Aa| <_Ja£-Aj 

fL»4» .*>a jj 4 jIa j&c-* jL-»*.* oj^k>4j 4j^5^jil_j «iA-LlS ltXr>- 

l—>t» I J^3 <<A^>^A t _y‘~-*'" oJl-il ->A ^wn V j-gA Cjjl&jlTj 

C^lfiiAjjj ^Lh L»l>t«.£b (ji^SltA^-lj ,i_^> oJLw t _ r ^M,lJ (Ss <AjCLa Ls>-^ls^ 

.A ^y!S U>Ajl>-jlS' (jl »—fill^A 

O^o J.) ^J)!AjL^LI» l_J»ls*toJb 0^^ |<A>-A» „L^j^a JL^pI 

OAj—S loo» J$3 l ^3\ L«a^ 1 j^S oI^JLSIa cji—®_J^5 

ol^ioLajj ^jIaAaa LaS Jlw^* oIaZ^J 

JuS/f J^>J A>c*lj_A5 .A_^i ®<Aa | O-^AAi Uj^JlT ®l^£»jl.> ^■«1 * ««J 

A»eJ | 3 < O—'i <j"^jl^J AA> jL> j\ ^j"(A* | jfcT ULLaa oiAA j^LjaS 
JL&juLmJc^I^jaS U-f T & C-->-aS ~*.«r>ijAS 1 o^lzil <_>U-il L$1.J 

0-«'I®«Aa 1 0-*OAj c£lAjL>-jlj"j| ©ACvJlaS ^Ajpl __«A_£» 1 jA^ , Lw - >A 

.Aj^©Ai»lil ^tS^Aj AAj^J» 

C^l^> aS £)<X2i AlsISji) ^ili JuJ j^j ojlj ^IaI^ 0^-*i ®ij 

J* i 3 3 {Gp Jp Oi-itlSl aL^UTJ^ < <JLwI> i-^* i -&3j>y jtr& 

<Ali1_^Ii ®lj(jl ->ll—> Aj.>1 «A*j ^yii^A t^>ji A>- t <Aa | C^w^Aj 

.«A-USaL>cjI c£»AiS OJ_^-<pAi ^JLSCj (_3a^ 

f J-^ssjaaS aj^5(jLj»> 

O—'Io^asIj j^jJ-^A < A,jr^^-®j OJ^ 1 Jjl^A ^J^^rAi 

< <Aj I ^a C—'AAjJJL.t' t* £ c_^LflciAl^«»Ja 0‘A^> jIaS _^jaS 

O'A^i Ia_-o <^ny>»3 |Jf_ Y Y' ^ C^lft 4i**JbLi Ubl^lJ A^^lj | 

U-rr a a1*-«*j4> o^» 

^i^ *-5 (V^Ia^jA ^,1 OA^5^® ^-hA?- 

c^L>*a^ AI^*A :<Aj jl^i OjIaIa C^i^"..L>U oiA>olj ^jS 

AA~*5»aS J3 «<AiS i^«A>- Ij^mA^j <AP>l^>“ t ^A A 

t_j<A>- O^-Liii «AJLS ^i-AA^A U— Y1* & dicS'lsjMLfb 

A^J» «Ai^i^^A^lj | cXA^/ A^ilCi» (-JaC- ^jAd»j3AS ^jI^j 3^3^ OjZ? O-^i^ 
diAj aS »Aj^I^ jl ^(j l (J^ ^aa_^A i Juin^JLo 



vi>o lf ^ 


^S1 .t\j^w U-rr A ls»w>Jfc^ Jt3>e«*> U-1* t* 6 

«JkJLwliAX^>b U—^ r A 41 a*l£>1> C)2> J> < _^—jLi» *sli I 1 jOili 

i jluS j&z. u-rr ^ c^i^4z^.^ bigj^^r^s ^»1 txiS 

„>1 t txjjb dX^u> (^L>t4>.£> (^L&>Ax<i*uft> a^3 | L c^jy^ ^j 3 \jsy 

«JLcI&I j^>- l^J y Ji Lw^Lw-^JLw (_£ls»e^Jb (^ljl>4JL**i£> 

^5C*-*aS j£l$ ^.U» lm^ ais'Cjl . o^b 

y ^1 • t Ab^w^Aj 1 0 lXw^J^ oL>- v_^*-**'l 

C^lib Ai!,w* fi> U lLo l ^ j ‘~^ J (*-2)l-^a-> 4i> <<A^^5) (_ > | U 

_^a bl^ 1 <_£j^bl l£jI<aJL& Cs £-I 

f^jljjl J2> ^LO- (jbj ^L^aJLA obwbtA b.5 O 

aS L_iS^?l \jsy>- C^J^i ojl«Ajl 0^ < -^^ C 5^ LgO^J j>3 < i_-> I l> 

I_ffciJijo . «AIjL&j <jbl (_£bbt*.£>l> ijjLii^jJL^ ^jhs>-j\ 

ji aS(J^*) 1 fjV O yZ> »Ajl^I.> Aib ^L> \ Ab> 1 cSl ^3 aS ciwLislj JO 

c^>- 31 oT cJiUU jluS U-rrau b u.1 

jl aIjl^aj 1 jLo o^-«> ^il^»_9.i ob ^ 

. *Ajb tabi^jk Oib?- 

cXlSbb_J C^jlj^bl^iU^ b_^b»cjt> aSCj i C^L>-AjaS C-*-**i1 ^j-»! 


Aj <il>-^S C^libAjl^AS tXULS(^J^ «Ju^U 4^£»b o«a!aS 

C>Jyo^ji\j5 .«A^)L Ali^Sjl^9 OiXL*S <AJLS O b (j 1 JS o C->jy& 
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